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I.— A  BcTBOSPEOT  OP  Qbology  in  the  last  Forty  Years. 
(Part  I.) 

THE  completion  of  the  40th  volume  of  the  Geologioal  Magazine, 
and  the  oommenoement  of  its  Fifth  Decade  under  the  Editorship 
of  one  who  has  heen  responsihiy  associated  with  the  undertaking 
since  1864,  and  has  heen  Editor-in-chief  since  Jaly,  1865,  furnishes 
a  fit  opportunity  for  a  retrospect. 

In  the  opening  pages  of  this  Magazine  Professor  Eupert  Jones 
dealt  with  "The  Past  and  Present  Aspects  of  Geology."  He 
remarked  on  the  tendency  to  encroach  upon  the  theory  of  Uniformity, 
upon  the  right  **  to  call  in  the  agency  of  forces  which,  though  not 
seen  in  operation  in  nature,  may  be  evoked  in  the  laboratory."  He 
further  referred  to  ''recent  discussions  respecting  the  origin  of 
granite,  the  mode  of  formation  of  river-valleys,  the  excavation  of 
lake-basins,  the  doctrine  of  '  homotaxis,'  and  the  origin  of  species." 
At  that  time,  owing  to  the  teachings  of  Huxley,  there  was  more 
scepticism  than  there  is  now  as  to  the  exact  truth  of  "  the  con- 
temporaneity of  strata  which  contain  the  same  or  similar  fossils,  and 
which  are  geographically  far  apart." 

All  these  and  many  other  subjects  at  home  and  abroad  have  been 
discussed  in  our  pages,  the  aim  (as  stated  in  the  January  Number, 
1866,  p.  1)  having  been  "to  enlarge  the  opportunities  of  pre- 
serving the  results  "  of  the  labours  of  the  ever-increasing  number  of 
geologists,  and  "to  supplement,  as  far  as  possible,  the  authoritative 
and  old-established  Journal  of  the  Geological  Society." 

Throughout  this  long  period  the  material  at  our  disposal  has  been 
abundant,  and  the  importance  of  the  greater  part  of  it  has  been 
acknowledged :  indeed,  we  may  claim  to  have  published  many  an 
essay  that  is  now  regarded  as  a  classic ;  while  among  them  we  may 
count  perhaps  a  few  of  the  'Rejected  Addresses'  that  a  too  con- 
servative element  in  former  Councils  of  the  Geological  Society 
thought  right  to  discountenance. 

Liking  back  over  the  forty  volumes,  our  pride  and  satisfaction 
are  not  unalloyed  with  a  reasonable  amount  of  humility,  such  as 
everyone  naturally  feels  with  a  work  that  has  been  accomplished. 
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2  A  Retrospect  of  Geology  for  Forty  Years. 

Some  artioles,  indeed,  might  with  benefit  have  been  curtailed,  a  few 
might  perhaps  have  been  omitted  without  detriment  to  soienoe,  while 
here  and  there  asperities  in  correspondenoe  might  have  been  softened 
or  removed  with  evident  advantage. 

Our  First  Decade  was  charaoterized  by  many  articles  and  much 
discussion  on  various  forms  of  Denudation » in  which  Scrope,  John 
Buskin,  Jukes,  Colonel  George  Greenwood,  O.  Fisher,  D.  Mackintosh, 
Hull,  Whitaker,  Green,  Kinahan,  Topley,  and  others  took  part. 
Escarpments  and  valleys,  lakes,  and  the  relative  importance  of 
sea  versus  rivers  came  again  and  again  to  the  front,  the  last- 
named  subject  being  dealt  with  in  a  masterly  way  by  Whitaker 
in  his  classic  essay  on  Subaerial  Denudation.  The  origin  of  the 
Chesil  Beach  and  the  adjacent  features  was  considered,  and  even  the 
ancient  valley  system  of  Pre-Triassic  times  in  the  Bristol  area  and 
Oharnwood  Forest,  which  has  quite  lately  been  a  subject  of  interesting 
observations,  was  briefly  discussed  by  G.  Maw. 

Glacial  geology  and  the  causes  of  changes  of  climate  occupied  the 
attention  of  S.  V.  Wood,  jun.,  James  Qeikie,  James  Croll,  W.  Boyd 
Dawkins,  and  D.  Mackintosh ;  and  Geological  Time  was  also  brought 
before  our  readers. 

The  study  of  Igneous  rocks  with  microscopic  aid  came  into 
prominence.  Interest  was  stirred  up  by  P.  H.  Lawrence's  trans- 
lation of  B.  von  Cotta's  work,  "  Rooks  Classified  and  Described." 
David  Forbes  and  Samuel  All  port  dwelt  on  the  importance  of  the 
study  and  gave  an  impulse  to  research.  Forbes  and  Sterry  Hunt 
entered  into  controversy  on  certain  questions  of  chemical  geology. 

The  recognition  of  *  Eozoon '  as  a  foraminifer  was  in  these  early 
days  largely  accepted.  It  was  held  to  have  built  up  in  reef-like 
masses  the  limestones  since  altered  into  marbles  in  the  great 
Laurentian  gneiss  of  Canada.  Eozoonal  structure  was  also  seen 
in  the  green  and  white  marble  of  Connemara. 

Sir  Roderick  Murcbison  wrote  on  the  Laurentian  rocks  of  Britain, 
Bavaria,  and  Bohemia;  and  cores  of  the  ancient  gneiss  (now  grouped 
as  Archssan)  were  recognized  by  H.  B.  Holl  at  Malvern  and  by 
others  elsewhere. 

Hicks,  aided  at  first  by  Salter,  commenced  his  brilliant  researches 
among  the  Lower  Palaaozoic  rocks  of  Wales,  and  the  results  of  some 
of  these,  together  with  the  now  classic  paper  of  T.  Belt  on  the 
Lingula  Flags,  are  included  in  the  volumes.  Hughes  dealt  with 
the  break  between  the  Upper  and  Lower  Silurian  rocks  of  the  Lake 
District,  in  a  paper  which  (if  we  are  rightly  informed)  found  little 
favour  in  the  eyes  of  Murcbison. 

Other  topics  received  treatment;  J.  Ruskin  wrote  on  Banded 
and  Brecciated  Concretions,  S.  P.  Woodward  on  Banded  Flints, 
John  Morris  on  the  Oolites  and  Lower  Cretaceous  rocks,  and  Meyer 
on  Cretaceous  rocks,  while  G.  Maw  described  interesting  pockets 
of  white  clay,  etc.,  in  the  Carboniferous  Limestone  of  North  Wales, 
Derbyshire,  and  North  Sta£fordshire. 

In  the  Second  Deoade  the  desirability  of  having  a  detailed 
record  of  geological  and  palseontological   literature  was  brought 
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prominently  before  the  Editor.  A  small  Committee  met  in  his 
study  during  the  winter  of  1873-74,  and  as  a  result  brief  abstracts 
of  geological  papers  were  for  a  time  contributed  with  some  regularity 
to  the  Gkologioal  Magazine.  The  Committee  consisted  of  Henry 
Woodward,  Prof.  Williamson,  F.  W.  Rudler,  L.  C.  Miall,  W.  Topley, 
W.  Whitaker,  G.  A.  Lebour,  W.  Carruthers,  and  H.  B.  Woodward. 
It  soon  became  obvious  that  the  Gkologioal  Magazine  was  not 
large  enough  to  embody  all  the  abstracts  that  were  forthcoming. 
This  led  on  to  the  establishment  of  the  *'  Geological  Keoord  "  under 
the  editorship  of  Whitaker,  and  for  a  few  years  an  excellent  and 
carefaHy  edited  annual  volume  was  published,  with  the  aid  of 
a  grant  from  the  British  Association.  Difficulties,  however,  arose, 
and  that  work  was  ultimately  abandoned  when  the  **  Record  "  was 
brought  up  to  1884. 

In  this  Decade  Pleistocene  geology  again  occupies  a  prominent 
position  in  the  Magazine,  and  Sir  Henry  Howorth  appears  on  the 
scene  with  essays  on  the  Mammoth  in  Siberia  and  its  extinction, 
and  on  the  evidences  which  he  pictured  of  a  great  Post-Glacial 
Flood.  ITie  Loess  is  discussed  by  Baron  von  Eichthofen,  Howorth, 
and  Nehring.  Ice-work  in  Newfoundland  is  described  by  J.  Milne, 
and  special  attention  is  called  to  the  action  of  coast-ioe.  R.  D. 
Darbishire  discourses  on  the  drifts  at  high  levels  at  Macclesfield ; 
and  the  Recent  and  Pleistocene  geology  of  Cornwall  was  treated 
of  in  essays  by  W.  A.  E.  Ussher. 

The  subjects  of  Climate,  Continents,  Mountains,  and  Escarpments 
are  again  discussed;  and  W.  Flight  discourses  on  the  History  of 
Meteorites.  Judd  deals  with  the  study  of  Volcanoes,  and  in  an 
article  on  the  origin  of  Lake  Balaton,  in  Hungary,  he  so  far  questions 
the  glacial  origin  of  certain  lakes  as  to  rouse  a  storm  of  opposition 
from  Ramsay,  J.  Geikie,  and  others.  J.  Milne  turns  from  the 
subject  of  Glaciers  to  Volcanoes,  and  finally  to  Earth  Movements, 

Among  the  older  rocks,  and  especially  in  the  structure  of  the 
Scottish  mountains,  a  great  advance  is  made :  in  the  classic  paper 
by  Lapworth  on  the  Secret  of  the  Highlands,  and  in  papers  by 
Hudleston  on  Assynt,  and  Hicks  on  parts  of  Ross-shire. 

The  older  Palaeozoic  rocks  are  dealt  with  by  Hicks  and  Lapworth, 
and  the  Devonian  by  Champernowne. 

The  relations  of  Permian  and  Bunter  are  freely  discussed ;  while 
the  palaeontology  of  the  Yorkshire  Oolites  forms  the  subject  of 
another  classic  paper  by  Hudleston. 

In  Petrology  we  have  the  important  essay  by  Teall  on  the  Cheviot 
Andesites  and  Porphyrites;  while  of  general  papers,  that  on  the 
geology  of  Spitzbergen,  by  A.  E.  Nordenskiold,  and  the  **  Travelling 
Notes  "  of  J.  Milne,  across  Europe  and  Asia,  are  specially  noteworthy. 

In  the  Third  Dkoads  the  subject  of  Metamorphism  is  largely 
dealt  with,  the  effects  both  of  contact  with  intrusive  masses  and  of 
earth  stresses  being  discussed.  Serpentine  in  particular  comes  in 
for  treatment.  Teall  deals  with  the  origin  of  Banded  Gneisses 
and  with  the  metamorphism  of  the  Lizard  Gabbros — a  subject  into 
which  Bonney  and  McMahon  enter  in  discussion.     The  schists  of 
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Bolt  Head  are  dealt  with  by  A.  B.  Hunt,  and  he  is  not  suffered  by 
Bonney  to  go  free  from  critioism. 

Eozoon  again  comes  up,  Sir  J.  W.  Dawson  making  one  moro 
appeal  in  favour  of  its  organic  origin. 

Callaway  deals  with  Archaean.  The  '  Monian '  system  of  J.  F. 
Blake  is  also  discassed,  and  Hoghes  writes  on  the  Cambrian  of 
North  Wales. 

Notable  are  the  articles  by  Lapworth  on  the  Close  of  the  Highland 
controversy,  on  the  Cambrian  rocks  of  Nnneaton,  and  on  the 
Olenellns  Faana  in  Britain.  He  likewise  defines  his  Ordovician 
System,  and  writes  on  the  Ballantrae  rocks.  Nicholson  and  Marr 
deal  with  the  Lower  Palsdozoio  rocks  of  the  Lake  District. 

The  Culm -measures  of  Devonshire,  Coal  in  the  south-east  of 
England,  the  Trias,  the  Neocomian,  and  the  Bagshot  Beds  come  in 
for  a  good  deal  of  attention. 

A.  Harker,  as  well  as  T.  H.  Holland,  appears  on  the  scene,  and 
they,  together  with  Q.  A.  J.  Cole,  describe  various  igneous  rocks ; 
while  Judd  writes  on  the  lavas  of  Krakatoa,  and  Teall  on  the  Cheviot 
quartz-felsites  and  augite-granites. 

The  mineralogical  constitution  of  calcareous  organisms  forms  the 
subject  of  an  important  paper  by  V.  Cornish  and  P.  F.  Kendall. 
Pisolite  is  dealt  with  by  Wethered  ;  explosive  slickensides  by 
Strahan  ;  Earthquakes,  the  creeping  of  soil-cap,  and  the  stone-rivers 
of  the  Falkland  Islands  by  Davison ;  Dust  and  Soils  by  C.  Reid ; 
while  W.  M.  Hutchings  writes  on  Slates  and  fire-clays.  Landscape 
Marble,  the  flexibility  of  rocks,  faults,  jointing,  and  cleavage  also 
receive  consideration,  Howorth  continues  to  write  on  the  Mammoth 
and  the  Glacial  Drift ;  others  deal  with  the  Caves  of  North  Wales, 
and  with  Moel  Tryfaen,  while  Geological  Time,  the  permanence  of 
Continents,  and  geological  nomenclature  attract  several  writers. 

In  the  FouBTH  Decade  the  life -zones  of  Carboniferous  and 
Cretaceous  rocks  are  specially  dealt  with,  while  those  of  earlier 
and  later  date  come  in  for  a  certain  amount  of  discussion.  The 
zones  of  the  Carboniferous  system  had  been  neglected,  but  Marr,. 
Garwood,  and  Wheel  ton  Hind  come  to  the  rescue,  and  it  is  well 
known  that  Traquair  and  Eidston  are  also  keenly  interested  in  the 
subject  The  admirable  work  of  A.  W.  Eowe  on  the  Chalk  zones 
is  reviewed,  and  Jukes-Browne  discusses  the  possibility  of  making 
<  chronological  maps,'  which  no  one  has  yet  attempted  except  on 
a  small  scale  or  in  a  general  way. 

The  nomenclature  of  Igneous  rocks  is  discussed  by  H.  Stanley 
Jevons,  and  the  new  American  classification  is  criticized  without 
favour.  The  order  of  consolidation  of  minerals  in  igneous  massea 
receives  attention  from  Sollas,  while  Harker  describes  the  sequence 
of  igneous  rocks  in  Skye.  Greenly  gives  accounts  of  various 
Anglesey  rocks;  Bonney  and  Miss  Raisin  deal  with  rocks  from 
Eimberley  in  Cape  Colony,  Teall  with  Nepheline-syenite  from 
north-west  Scotland,  McMahon  with  the  granite  of  the  Himalayas, 
and  A.  R.  Hunt  with  that  of  Dartmoor.  J.  Parkinson  and  H.  J. 
Seymour  describe  sundry  igneous  rocks.     Hutchings  discourses  on 
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the  Ckeat  Whin  Sill,  on  olays,  shales,  and  slates,  and  on  oontact 
<netamorphism,  T.  H.  Holland  on  Laterite,  W.  F.  Hume  on  the 
Black  Earth  of  Bussia,  and  A.  P.  Pavlow  on  Sandstone  dikes. 

Miss  Ogilrie  (Mrs.  Gordon)  gives  some  results  of  her  researchee 
on  the  Dolomites  of  the  Tyrol.  Marr  treats  of  the  Skiddaw  Slates^ 
C.  A.  Matley  of  the  Arenig  rooks,  while  W.  Gibson  deals  with  the 
PalsMsoia  rocks  of  South  Africa. 

The  fbtsila  discovered  by  Hicks  in  what  were  regarded  as  the 
imfoesiliferons  Morte  Slates  reoeive  attention,  and  Howard  Fox 
rocords  new  localities  for  fossils  in  the  Devonian  of  OomwalL 
Wheelton  Hind  discourses  on  the  Yoredale  Series,  and  W.  Gunn  on 
the  Lower  Carboniferous  rocks  of  northern  England  and  Scotland. 

The  age  of  the  Wealden,  whether  Jurassic  or  Cretaceous,  comes 
under  discussion.  The  Chloritic  Marl  and  Warminster  Greensand 
«re  dealt  with  by  Meyer  and  Jukes-Browne,  and  interesting  notes 
are  given  of  the  Cretaceous  fossils  from  the  Drift  of  Aberdeen.  An 
important  paper  on  the  structure  of  Creechbarrow,  in  Dorset,  is 
contributed  by  Hndleston,  who  shows  that  this  remarkably  prominent 
hill  owes  its  preservation  to  the  occurrence  of  an  Eocene  or  possibly 
Oligooene  limestone. 

ThB  origin  of  erratic  blocks  in  the  Drift  of  Yorkshire  leads  to 
an  amusing  correspondence  between  Howorth  and  Harker,  in  part 
lelating  to  the  supposed  carrying  of  stones  by  the  Vikings.  Many 
pages  of  the  Magazine  are  occupied  by  Howorth  in  essays  on  the 
ourfieuse  Geology  of  North  Europe,  on  the  Scandinavian  Ice-sheet,  on 
«reoent  changes  of  level,  and  on  the  Glacial  Drifts  of  Eastern  England, 
the  power  of  water  versus  ice  being  dwelt  upon ;  while  Dugald  Bell 
writes  on  the  question  of  submergence  during  the  Great  Ice  Age. 
XL  M.  Deeley  and  G.  Fletcher  deal  with  the  Structure  of  Glacier 
loe,  and  Mr.  E.  P.  Culverwell  contributes  an  important  article  on 
"the  Theory  of  the  Ice  Age. 

The  glacial  phenomena  and  denudation  of  the  Skye  mountains  are 
4ealt  with  by  Harker,  who  has  spent  many  field-seasons  in  this 
grand  region.  Howorth,  writing  on  the  Earliest  Traces  of  Man, 
rouses  up  some  discussion  on  Kent's  Cavern  and  Buokland,  while 
Mr.  S.  H.  Warren  contributes  a  suggestive  paper  on  the  relative  age 
•of  Stone  Implements,  and  the  Bev.  R  A.  Bullen  deals  with  Eoliths* 
Scharff  describes  the  caves  of  county  Sligo.  The  subject  of  Dene- 
holes  oomes  in  for  discussion. 

An  interesting  essay  is  contributed  by  H.  W.  Pearson  on 
Oscillations  of  Sea-level,  and  Hoist  deals  with  Oscillations  of  land 
during  the  Glacial  period  in  Scandinavia.  In  connection  with  this 
subject  Hull's  paper  on  the  Submerged  Platform  of  Western  Europe 
roused  up  discussion  by  J.  W.  Spencer  and  Jukes-Browne,  and  led 
to  an  important  essay  by  Hudleston  on  the  Eastern  Margin  of  the 
Vorth  Atlantic  Basin. 

The  determination  of  the  pre-Glacial  age  of  the  raised  beach  in 
Gower  by  R.  H.  Tiddeman  finds  interesting  support  elsewhere  ia 
the  similar  sequence  of  deposits  off  Cork  Harbour,  quite  lately 
described  by  H.  B.  Muff  and  W.  B.  Wright. 
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Biver  development  attracts  much  attention,  and  S.  S.  Buckman 
leaves  his  Ammonites  and  bis  '  Hemera '  to  take  part  in  the  dis* 
onssion.  The  subject  was  introduced  in  a  paper  on  Bala  Lake  and 
river  system  by  Philip  Lake,  and  Callaway  contributes  articles  on 
the  general  question,  while  W.  M.  Davis  writes  on  the  peneplain  of 
the  Scottish  Highlands  and  discusses  the  meanders  of  rivers. 

The  ancient  glacier-dammed  lakes  of  the  Cheviots  are' described 
by  Kendall  and  Mu£f,  while  Bonney  writes  on  moraines  and  mud* 
streams  in  the  Alps.  Parkinson  discusses  the  origin  of  certain 
Canadian  Lake-basins.  Bock-basins,  indeed,  come  in  for  considerable 
notice. 

Watts  deals  with  the  ancient  rocks  of  Charnwood  Forest  and 
their  physiography,  and  Mellard  Beade  continues  to  discourse  on 
mountains. 

Among  general  papers  those  by  Cowper  Beed  on  the  Geology  of 
Waterford,  and  by  Beadnell,  Barron,  and  Hume  on  Egypt,  may 
be  mentioned. 

Our  old  friend  Bupert  Jones  gives  a  full  History  of  Sarsens. 

The  subject  of  Geological  Photographs  is  brought  prominently 
into  notice  by  Watts,  and  a  number  of  excellent  examples  are 
reproduced.  Judd  gives  an  interesting  history  of  the  earlier  British 
geological  maps. 

Finally,  much  attention  is  again  given  to  Geological  Time,  the 
question  having  been  considered  by  Joly  in  reference  to  the  circu- 
lation of  salt.  Sir  A.  (Jeikie  deals  generally  with  the  subject  in  his 
address  to  the  British  Association. 

Turning  to  the  topics  that  are  occupying  much  attention  at  the 
present  day,  we  find  that  the  chief  discussions  are  on  subjects  some* 
what  similar  to  those  mentioned  by  Professor  Bupert  Jones  in  the 
first  number  of  the  Magazine.  The  origin  of  the  crystalline  schists, 
the  genesis  of  rivers  and  the  formation  of  their  valleys,  the 
excavation  of  lake-basins,  the  correlation  of  strata  by  means  of 
special  assemblages  or  zones  of  fossils,  and  the  evolution  of  species 
are  subjects  which  engage  continued  attention  and  upon  which 
much  has  yet  to  be  learnt. 

Throughout  the  history  of  the  Magazine,  now  one  topic,  now 
another  has  become  dominant  for  a  time.  The  relative  importance 
of  marine  and  subaerial  denudation,  the  origin  and  development  of 
rivers,  the  formation  of  crush-conglomerates,  and  the  subject  of 
dynamic  metamorphism  are  instances.  But  if  these  subjects  have 
again  and  again  been  brought  forward,  it  is  because  someone  gives 
the  key  to  what  was  previously  an  enigma,  and  many  are  ready  to 
nse  it ;  or  another  has  gained  a  position  from  which  a  clearer  view 
of  a  subject  has  been  gained.  From  every  fresh  summit  our  ideas 
of  the  expanse  of  unacquired  knowledge  are  constantly  enlarged — 
a  statement  which  is  well  known  to  apply  to  every  branch  of 
learning — and  this  being  the  case  there  is  a  constant  demand  for 
careful,  earnest  observers  and  workers,  and  there  should  be  a  constant 
demand  for  the  Geologioal  Magazine. 

(To  be  eoniinued,) 
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Cupirssinoxylon  Jiookeri^  sp.  iiov'., 

a  large  silicificd  tree  from  Tasmania,  preserved  in  the  Geological 

Department,  British  Museum  (Natural  History). 
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n. cuprbssinoxylon  hookeri,  8p.  nov.,  a  labge  silicified 

Tree  from  Tasmania. 

By  E.  A.  Newell  Abber,  M.A.,  F.L.S.,  F.G.S.,  Trinity  College,  Cambridge 
University  Demonstrator  in  Palseobotany. 

(PLATE  I.) 

ONE^  of  the  most  striking  objects  exhibited  in  the  Gallery  of 
)mains  in  the  Geological  Department   of  the 
Britisl  ural  History)  is  a  large  trunk  of  a  Coniferous 

tree  fr  f  which  a  photograph  is  reproduced  on  Plate  I. 

This  8]  \  of  the  largest  in  the  gallery,  being  nearly  nine 

feet  in  ree  feet  in  diameter.     The  woody  tissues  are  in 

exoelh  n,  the  specimen  being  silicified,  and  in  part 

opaliz6vi. 

;ree  is  an  interesting  one.     It  was  discovered, 

s  last  century,  on  the  estate  of  a  Mr.  Richard 

Plains,  New  Norfolk,  Tasmania.    When  found, 

»d  in  an  upright  position  in  a  basaltic  lava. 

)d  is  of  common  occurrence  in  that  neighbour- 

the  trunk — the  specimen  being  then  at  least 

at  present — appears  to  have  created  general 

>rs,  Sir  Joseph  (then  Mr.)  Hooker,  while  on 

a  voyage  of  discovery  in  the  Southern  seas  in  H.M.S.  "Erebus," 

Tisited  the  locality  to  examine  this  fossil.     Sir  Joseph  Hooker*  con- 

tribated  a  most  interesting  description  of  the  specimen  to  the  first 

Tolnme  of  the  Tasmanian  Journal  of  Natural  Science,  published  in 

1842,  from  which  the  following  quotation  is  taken  : — '*  One  of  the 

most  remarkable  circumstances  connected  both  with  the  Geology  and 

Botany  of  Tasmania,  is  the  occurrence  of  vast  quantities  of  silicified 

wood,  either  exposed  on  the  plains,  or  imbedded  in  rocks  both  of 

igneous  and  aqueous  formations.     Those  of  the  former,  in  particular, 

are  the  most  striking,  from  their  singular  beauty,  and  the  very  perfect 

manner  in  which  the  structure  of  the  living  wood  is  retained.     Soon 

after  my  arrival  in  this  Colony,  magnificent  specimiBns  of  a  fossil 

tree  were  shown  me,  dug  out  of  a  volcanic  rock,  and  which,  as  far 

aa  my  memory  serves  me,  were  unequalled  even  in  what  I  had  seen 

of  the  rich  ooUection  of  Brown." ' 

A  few  years  later  the  tree  was  brought  to  England  and  exhibited 
in  the  Tasmanian  Court  of  the  Great  Exhibition  of  1851.^  At  the 
dose  of  the  Exhibition  it  Was  presented  to  the  British  Museum  by 
the  Tasmanian  Commissioners,  but  owing  to  the  large  size  of  the 

>  Begistered  number,  V.  332.  A  smaller  specimen  (V.  9,606)  of  a  similar  tree  from 
the  same  localii^  id  exhibited  side  by  side  with  that  described  here. 

>  Hooker:  Tasmanian  Joum.  Nat.  Sci.,  vol.  i  (1842),  p.  24. 

»  Bobeit  Brown  (1773-1858),  first  Keeper  of  Botany  at  the  British  Museum, 
gsthered  together  a  large  collection  of  petrified  woods  from  different  parts  of  the 
world.  Most  of  these  specimens  are  now  incorporated  with  the  plant  collections  in 
the  Geological  Dex>artment  of  the  British  Museum. 

«  OfSdai  Catalogue,  Qreat  Exhibitibn  of  the  Works  of  Industry  of  all  Nations, 
1851,  Tol.  ii,  p.  999  (No.  348). 


Digitized  by  VjOOQ  IC 


8  E.  A.  Neuoell  Arber — On  a  large  Siiicified  Tree, 

speoimen  and  the  orowded  nature  of  the  Natural  History  eKbibits, 
then  at  Bloomsbury,  it  was  not  possible  to  exhibit  it  until  their 
removal  to  the  more  suitable  and  spacious  quarters  at  South 
Kensinp^ton  had  been  completed. 

From  the  geological  standpoint,  this  tree  is  especially  interesting 
in  the  manner  of  its  occurrence.  The  Basalts  of  the  Macquarie 
Plains  are  of  Tertiary  age,  but  there  seems  to  be  some  di£ferenoe  of 
opinion  as  to  whether  they  belong  to  the  earlier^  or  later'  period. 
McLachlan's  ^  description  of  this  specimen  states  that  the  tree  *'  was 
imbedded  in  lava,  and  distinctly  surrounded  by  two  flows  of  scoria." 

The  association  of  plant  remains  with  volcanic  outpourings, 
especially  with  the  more  basic  tuffs  and  lavas,  is  by  no  means  of 
rare  occurrence.  Excellent  illustrations  may  be  found  in  the  rocks 
of  this  country.  In  the  Tertiary  leaf-beds  of  Mull,*  well-preserved 
impressions  of  leaves,  similar  to  Platanus  and  other  reoent  genera, 
occur  in  gravels  closely  associated  with  sheets  of  basaltic  lava. 
Calcified  stems  and  other  fragments  of  plants  of  the  greatest  botanical 
importance  have  been  discovered  in  beds  of  volcanic  ash  in  the 
Lower  Carboniferous  rocks  of  Petticur,  near  Burntisland,  and  at 
Laggan  Bay  in  the  island  of  Arran.'  Siiicified  stems  in  association 
with  basalts  and  other  igneous  rocks  are  known  from  many  parts 
of  the  world,  especially  from  South  America,  where  their  occurrence 
has  been  described  by  Darwin." 

The  vertical  position  in  which  the  tree  was  found  is  emphasized 
by  Hooker  and  by  McLachlan.  It  would  be  of  some  interest  to  know 
whether  this  trunk  once  formed  part  of  a  forest  which,  at  some 
period  or  other,  was  overwhelmed  by  showers  of  ashes  and  lava-flows. 
On  this  point  there  is,  however,  little  information.  McLachlan 
suggests  that  the  vertical  position  is  more  or  less  accidental,  and 
states  that  the  base  of  the  tree  was  embedded  in  sand. 

The  tree,  as  it  stands  now,  is  decorticated,  only  the  woody  tissues 
being  seen.  The  outer  portion  is  opalized  and  fairly  hard,  but  the 
more  internal  tissues  crumble  away  to  a  fine  white  powder  at  the 
slightest  touch.  This  powder  consists  of  the  isolated  woody  fibres 
of  the  stem.  Sir  Joseph  Hooker  has  so  graphically  described  the  . 
condition  and  structure  of  the  specimen  that  I  cannot  do  better  than 
quote  his  remarks.'  "  The  bark  (?)  is  of  a  different  colour  and  more 
consolidated  than  the  interior,  resembling  the  most  beautiful  agate. 
The  woody  part  reminded  me  of  the  lignite,  so  common  in  Lough 

Neagh,  in  the  north  of  Ireland The  most  remarkable 

circumstance,  however,  connected  with  this  fossilized  tree,  is  the 
manner  in  which  the  outer  layers  of  wood,  when  exposed  by  the 

1  Johnston :  **  Geology  of  Tasmania,"  1888,  pp.  215  (table)  and  294. 

»  Stephens :  Papers  and  Proc.  Boy.  Soc.  Tasmania  for  1897,  p.  54  (1898). 

•  See  note  4,  previous  pag^. 

*  Starkie  Gardner:  Q.J.G.S.,  vol.  xliii  (1887),  p.  270. 

*  Wiinsch,  Trans.  Geol.  Soc.  Glasgow,  vol.  ii  (1865),  p.  97 ;  and  Bryce,  «'  The 
Geology  of  Arran,"  4th  ed.  (1872),  p.  123. 

•  Darwin:  "Geological  Observations,"  2nd  ed.  (1876),  p.  394,  etc. 
'  Hooker :  ibid.,  p.  26. 
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•removal  of  the  bark,  separate  into  the  ultimate  fibres  of  whioh  it 
'is  composed,  forming  an  amianthus-like  mass  on  the  ventriole  of 
the  stump  in  one  plaoe,  and  covering  the  ground  with  a  white 
powder,  oommonly  called  here  native  pounce.  The  examination  of 
a  single  concentric  layer  from  this  part  shows  that  it  may  be 
detached  from  the  contiguous  layers  of  the  preceding  and  following 
years'  growth ;  there  being  no  silicious  matter  infiltrated  into  the 
intervening  spaces.  A  portion  of  each  layer  is  found  to  have 
a  second  cleavage,  not  concentric  with  it,  but  in  the  direction  of 
its  radius,  or  of  a  line  drawn  from  the  centre  to  tlie  bark  of  the 
tree.  Such  a  cleavage  is  to  be  expected  from  the  fact,  that  it  is 
in  the  direction  of  the  medullary  rays  that  traverse  every  where 
the  woody  tissue.  Bach  of  these  laminae  is  of  extreme  tenuity,  of 
indeterminate  length,  and  of  the  breadth  of  the  layers  of  wood; 
and  is  formed  of  a  single  series  of  parallel  woody  fibres,  crossed 
here  and  there  by  the  cellular  tissue  of  the  medullary  rays,  which 
do  not  generally  interfere  with  their  regularity.  These  plates, 
again,  are  separable  into  single  minute  fibres,  which  are  elongated 
tubes  of  pleurenchyma  or  woody  tissue,  tapering  at  either  end  into 
conical  terminations  of  indefinite  length.  They  lie  together  in  such 
close  approximation  that  the  microscope  does  not  detect  an  interstice, 
though  the  least  force  separates  them." 


FC^ 


Fio.  1. — Cuprestiuoxylon  hookeri,  sp.  nov.     TransTcrse  nection,  x  100. 

Sir  Joseph  Hooker  concluded  that  the  tree  was  undoubtedly 
Coniferous,  as  could  be  ascertained  by  a  microscopic  examination 
of  the  isolated  fibres,  without  the  preparation  of  sections.  It  may 
be  interesting  in  these  days,  when  microsoopio  sections  are  a  constant 
necessity  to  those  who  are  working  on  the  subject  of  fossil  plants, 
and  i)eadily  obtained  at  a  cost  of  a  few  shillings,  to  quote  a  further 
sentence   of  Sir  Joseph   Hooker^s   description,  as  illustrating  the 
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progress  in  this  respect  during  the  last  sixty  years.  He  says, 
"  Suoh  slices  have  hitherto  only  been  prepared  by  the  most  skilful 
lapidary,  and  at  great  cost"  ^ 

Sections  of  the  harder  parts  of  the  tree  have  recently  been  made 
with  the  object  of  determining,  if  possible,  the  group  of  Gonifer» 
to  which  this  specimen  belongs.  The  preservation  is  exceedingly 
beautiful,  the  pits  on  the  walls  of  the  woody  elements  being 
well  preserved. 

The  conclusion  arrived  at  from  an  examination  of  these  sections 
is  that  the  woody  tissues  of  the  tree  possess  a  structure  of  the  type 
known  as  Cupreasinoxylon,  Ooepp.  As  this  species  has  not,  apparently, 
been  named  hitherto,  I  propose  to  call  it  Cupressinoxylon  hookeri,  in 
honour  of  the  great  Botanist  whose  description  of  this  specimen 
formed  one  of  his  earliest  scientific  contributions. 


Fig  2 


a.  jj. 

Fig.  2. — Ctipresiinoxylon  hooleri,  sp.  nov. 

(a)  Radial  longitudinal  section  showing  the  medullary  rays  with  simple  pits,  and 
spring  tracheides  with  bordered  pits.  r,p,  resin  parenchyma ;  a.t,  tracheides  of 
autumn  wood,      x  200  (slijyhtly  restored). 

{b)  Tangential  longitudinal  section,    r.p,  resin  parenchyma,     x  200. 

It  has  been  long  known  that  it  is  not  possible  to  refer  coniferous 
woods,  by  a  study  of  the  anatomy  of  stems,  whether  recent  or  fossil, 
to  genera  based  on  the  natural  affinities  of  such  plants.  This  was  first 
clearly  pointed  out  by  Goeppert  ^  in  his  treatises  on  the  structure  of 
living  and  fossil  Coniferas  published  in  1841  and  1850.  Several 
recent  genera  belonging  to  such  widely  different  families  as 
CupressacesB,  Abietacesa,  and  Taxoidiaceae,  possess  a  woody  structure 

*  Hooker:  ibid.,  p.  26. 

*  Goeppert :  **  De  Coniferarum,  structura  anatomica,**  Breslau,  1841 ;  and  **  Mono- 
graph der  fossilen  Coniferen,'*  Leiden,  1860. 
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closely  similar  to  that  of  the  Tasmanian  tree,  and  such  woods  are 
nsaally  inoladed  in  the  form-genus  CupreaainoxyUm.^ 

In  Cttpreamnoxylon  the  annular  rings  are  well  marked.  The 
bordered  pits  of  the  tracheides  are  separate,  usually  uniseriate; 
when  biseriate  the  pits  are  opposite  one  another.  Besin  canals 
are  absent,  but  resin  parenchyma  is  abundant. 

(kpre$8inoxylon  hooherif  sp.  no  v.,  n^ay  be  recognized  by  the  following 
characters.  A  tree  more  than  12  feet  high,  and  3  feet  in  diameter. 
Only  the  woody  tissues  are  known.  Annular  rings  distinct ;  the 
'antomn  tracheides'  being  markedly  narrower  than  the  'spring' 
elements.  Bings  narrow,  varying  somewhat  in  size,  but  averaging 
about  *7  mm.  in  width.  'Summer  wood '  containing  about  15  elements 
on  an  average  in  the  ray.  '  Autumn  wood '  with  4  to  9  or  more 
elements ;  dense.  Tracheides  of  considerable  length,  with  uniseriate 
bordered  pits  on  the  radial  walls,  and  often  also  on  the  tangential 
walls.  The  pits  on  the  latter  are  sometimes  smaller  than  those  on 
the  radial  walls.  OccMionally  the  pits  are  biseriate,  and  then  the 
two  pits  are  always  opposite.  Medullary  rays  numerous,  composed 
of  similar  elements,  uniseriate  or  occasionally  biseriate,  3  to  14  or 
more  cells  in  height.  The  medullary  rays  communicate  with  the 
tracheides,  usually  by  a  small  simple  pit  on  the  radial  walls. 
Occasionally  in  large  medullary  ray  cells  more  than  one  pit  occurs. 
Besin  parenchyma,  consisting  of  continuous  rows  of  thin-walled 
cells,  frequent,  especially  in  the  younger  elements  of  the  *  spring 
wood '  and  in  the  *  autumn  wood.'  Usually  only  one  resin  cell  in 
each  ray  of  the  annular  ring. 

This  type  of  woody  stem  is  known  from  rocks  of  Jurassic  age 
onwards,  and  is  especially  abundant  in  the  Tertiary  period. 
Perhaps  the  species  which  is  known  in  most  detail  is  that 
described  very  thoroughly  a  few  years  ago  by  Mr.  Barber'  from 
the  Lower  Greensand  of  Shanklin  in  the  Isle  of  Wight,  under 
the  name  of  Cupreasinoxylon  vectenae.  Numerous  species  have  also 
been  described  by  Enowlton  from  the  Potomac  series  (Neocomian) 
of  North  America,  and  many  others  are  known  from  the  Tertiary 
rocks  of  Europe,  North  America,  and  elsewhere.  Conifers  pos- 
fiessing  this  type  of  woody  structure  are  abundantly  represented  in 
Australasia  at  the  present  time  by  such  genera  as  Podocarpua  and 
Dacrydiumj  both  of  which  occur  in  Tasmania. 

I  wish  to  express  my  indebtedness  to  Dr.  Smith  Woodward,  F.B.S., 
Keeper  of  the  Oeological  Department,  for  permission  to  describe 
this  interesting  fossil,  and  for  having  sections  prepared  for  the 
examination  of  its  structure.  I  am  also  indebted  to  Dr.  Henry 
Woodward,  F.B.S.,  for  having  suggested  to  me  an  inquiry  into  tb& 
history  and  natnre  of  the  specimen  described  here. 

'  The  grouping  together  of  coniferotis  woods  by  their  anatomical  characters  is  fully 
dealt  with  by  Schenk  in  ZittePs  "Traits  de  Pal^ontologie,"  pt.  ii,  Palfeophytologitv 
1891,  p.  838. 

»  Barber:  •'Annals  of  Botany,"  vol.  xii  (1898),  p.  329. 
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III. — Beuabkable  Examples  of  Atmosphbbio  IJsosiov  of  Bocks 

IN  COBSIOA. 

By  F.  F.  TucKBTT,  F.E.G.S. 

(PLATE  IJ.) 

IN  the  course  of  repeated  visits  to  Oorsioa  I  haTS  been  mnoh 
struck  by  the  extmordinary  erosion,  not  only  of  cliffs,  but  even 
more  so  of  detached  masses  or  boulders,  from  near  sea*leTel  to 
heights  of  5,000  to  .6,<X)0  feet ;  and,  having  taken  some  photographs 
last  January  of  specimens  of  the  kind  last  xefehred  to,  I  sent  them 
to  my  friend  Professor  Bonney,  who  informed  me  that  he  had  nev^r 
met  with  any  instances  of  erosion  of  such  a  peculiar*  and  unusual 
character,  and  asked  whether  I  could  furnish  him  with  a  fragment 
•of  the  rock.  ^  .  . 

UnfortunfUely,  owing  to  the  inaccessibility  of  two  of  the  objects 
photographed,  and  my  hesitation  to  break  away  Miy  of  the  third 
("Tdte  de  Chien"),  I  was  only  able  to  4end  him  a  piece  obtained 
from  a  cliff  by  the  roadside  at  some  distance,  which  had  been 
scooped  out  by  erosion  into  overhanging  eaves  and  other  ourioos 
forms ;  and  his  report  on  this,  after  having  a  microscopic  section 
prepared  from  it,  was  as  follows  :«— 

'*  The  specimen  is  about  4j^  in.  long,  2  in.  wide,  and  1  in.  in 
maximum  thickness,  weathered  on  both  sides  and  on  the  blunter 
edge,  apparently  having  been  broken  from  a  thin,  flake-like  pro- 
jection such  as  would  form  the  edge  of  one  of  the  peculiar  cavities 
in  the  photograph.  The  weathered  surface  is  irregular,  lumpy,  and 
inclining  to  be  flaky,  of  a  dull  dark -brown  colour  in  the  less 
prominent  parts,  elsewhere  a  pale  brownish-green,  llie  rock  itself, 
quite  close  to  the  exteriori  is  a  rather  pale  greenish-grey  colonr, 
somewhat  mottled  with  small  whiter  and  one  or  two  darker  patches, 
showing  elsewhere  a  fibrous  structure. 

"Microscopic  examination  of  a  slice  out  from  one  end,  transverse 
to  the  length  of  the  flake,  proves  the  rock  to  opnsist  largely  of 
miorolithic  minerals,  and  to  have  been  greatly  affected  by  pressure 
— probably  almost  crushed.  It  exhibits  two  or  three  small  grains 
of  rhombic  pyroxene,  probably  bastite ;  a  number  of  small  grains  of 
augite,  probably  residual ;  a  large  quantity  of  rather  minute  actinolite, 
and  perhaps  a  few  flakes  of  a  greenish  to  white  mioa.  Some  small 
grains^  however,  of  a  colourless,  slightly  flaky  mineral,  like  bastite, 
but  with  oblique  extinction,  are  certainly  secondary,  occurring 
somewhat  after  the  manner  of  albite  in  certain  crushed  Alpine 
schists.  Brown  iron  oxide  is  present  only  as  an  occasional  staining 
or  in  granules,  and  sphene  (possibly)  in  the  latter  condition.  The 
rock  has  undergone  so  much  secondary  ohange  that  its  original 
oondition  has  been  obliterated.  I  think  it  most  probably  has  been 
a  pyroxenite,  with  a  little  enstatite  and  possibly  a  few  grains  of 
olivine,  allied  to,  but  hardly  to  be  classified  with,  the  peridotites. 
It  reminds  me  a  little  of  some,  of  the  augite-serpentines  of  the  Yalais 
Alps,  but  in  it  actinolite  practically  takes  the  place  of  the  mineral 
serpentine." 
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I  may  add  that  the  first  speoimen  I  saw  daring  an  asoent  of  Monte 
Botondo  was  a  hnge  boulder,  or  hloc  perch4,  perhaps  12  to  15  feet 
in  diameter,  at  a  height  of  5,000  to  6,000  feet  on  a  narrow  spur  of 
the  peak,  the  interior  of  which  reminded  me  of  an  ant's  nest  in  an 
old  oak  beam,  and  so  completely  was  it  honeycombed  that  I  wae 
able  to  penetrate  into  the  heart  of  the  mass,  where  I  was  practically 
iiiTisible  to  my  companion. 

CSan  any  geologist  suggest  a  cause  for  this  extraordinary  and,  both 
in  altitude  and  area,  widely  distributed  erosion  ?  It  can  hardly  be 
deoompoaition,  for,  in  the  specimen  described  above,  the  rock  seem& 
in  good  condition  just  beneath  the  outer  surface,  and,  at  any  rate  in 
some  instances,  the  situation  appears  to  make  the  action  of  sand 
▼ery  improbable.  Neither  Professor  Bonney  nor  I  have  seen  any- 
thing in  the  Alps  at  all  comparable  to  it,  nor  remember  to  have 
read  a  description  of  its  occurrence  in  otlier  places. 

NoTB. — Since  writing  the  foregoing  my  attention  has  been  drawn, 
through  the  kindness  of  the  Editor  and  of  Dr.  0. 1.  Forsyth  Major, 
F.Z.S.,  to  a  passage  at  pp.  127-128  of  "  La  Corse,"  by  M.  Ardouin- 
Domazet,  forming  the  14th  series  of  a  "  Voyage  en  France."  This 
writer  very  accurately  and  piotorially  describes  the  extraordinary 
weathering  or  erosion  of  the  *  Eted  Granite,'  or  granitoid  rocks  of  the 
Oalanohe,  but  only  briefly  alludes  to  the  hollowed  out,  bomb-like 
forms  specially  referred  to  by  me,  if  indeed  they  may  be  recognized 
in  the  phrase  ''  La  forme  la  plus  g6nerale  de  ces  bizarreries  est  un 
evidement  en  forme  de  niches."  He  also  speaks  of  *'  Des  silhouettes 
d'animanx  fantastiques." 

As  already  stated,  the  rock  from  which  my  specimen  was  taken, 
inatead  of  on  the  spot  as  it  ought  to  have  been,  was  at  some  distance 
to  the  south-west  of  the  limited  region  of  the  Galanche,  and,  though 
much  eroded  or  undercut,  was  probably  of  a  different  geological 
character  from  the  sometimes  almost  spherical,  bomb-like  blocks  such 
as  that  in  the  stream  near  Porto.  I  am  inclined  to  think  that  the 
Galanche  themselves  are  a  rose  or  brick-coloured  granite,  as  the 
writer  just  quoted  and  Joanne's  "  Guide  en  Corse"  state  them  to  be. 

EXPLANATION  OF  PLATE  II. 
Pio.  1.— Eroded  dome,  **Tete  de  Chien'*  (8  to  10  feet  long),  "Le  Galanche,"  near 

Plana,  west  coast  of  Corsica. 
Fio.  2. — Eroded  boulder  in  stream  near  Porto,  west  coast  of  Corsica. 

lY. NOTK     ON     THE     KeBATOPHYEES      OF      THE      BrEIDDEN      ANI> 

Beewyn   Hills. 

By  H.  Stanley  Jbvons,  M.A.,  F.G.S.,  Lecturer  in  Mineralogy  and  Demonstrator 

in  Geology  in  the  University  of  Sydney. 

IT  may  be  of  interest  to  note  the  oecurrenoe  of  a  somewhat  rare 
and  interesting  rook,  named  Jceratophyre,  at  two  easily  aooessible 
localities  in  a  district  where  it   has  been  hitherto   unknown — at 
Hoel*y-Qolfa,  in  the  Breidden  Hills,  and  in  the  Berwyn  Hills. 
The  Breidden  Hills. 
Moel-y-Golfa  was  visited  by  me  in  1899,  and  I  collected  a  few 
specimens,  which,  however,  remained  unexamined  until  a  few  dayn 
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ago  when  I  needed  one  for  teaching  purposes.^  On  examination  of 
a  thin  section  the  plagioclase  proved  to  be  aWite^  idiomorphio  and 
tabular  in  form,  set  in  a  matrix  of  cbloritio  decomposition  prodacts, 
doubtless  the  remains  of  pyroxene.  The  ratio  of  albite  to  pyroxene 
must  have  been  about  two  or  three  to  one.  This  composition  is 
sufficient  to  place  the  rock  in  the  keratophyre  group,*  but  oon« 
firmation  was  obtained  by  comparison  with  a  slide  of  the  well- 
known  keratophyre  of  Huttenrode,  in  the  Hans,  the  rocks  proving 
almost  identical  both  in  structure  and  composition.  The  determi- 
nation  of  the  felspar  was  made  by  Becke's  bright  line  method,  which 
proved  its  refractive  index  to  be  everywhere  slightly  lower  than 
that  of  balsam. 

The  igneous  rocks  of  the  Breidden  Hills  have  been  ably  described 
by  Professor  W.  W.  Watts,'  but  I  am  not  aware  of  any  later  reference 
to  them.  He  believed  the  rooks  of  Moel-y-Golfa  to  be  mostly  lavas, 
and  their  plagioclases  to  be  probably  labradorite,  and  therefore 
named  them  andesites.  His  failure  to  recognise  albite  is  to  be 
attributed  solely  to  the  want  of  the  refinements  of  petrographical 
investigation  which  exist  to-day,  Becke's  bright  line  method  having 
been  known  only  since  1893. 

llie  intrusive  rocks  of  the  Breiddens,  described  by  Professor  Watts 
as  the  '  Newer  Series '  of  igneous  rocks,  and  named  by  him  diabases, 
may  prove  to  be  keratophyres  when  their  felspars  are  closely 
examined.  I  have  unfortunately  no  specimens  available.  The 
specific  gravities  quoted  by  Professor  Watts  are  of  little  use  as 
a  guide  owing  to  the  decomposed  condition  of  the  rocks.  Should 
they  turn  out  to  be  dolerites  (diabases),  we  should  have  another 
example  of  the  interesting  association  of  keratophyres  with  dolerites 
noted  by  Bosenbusch.^ 

The  Berwyn  Hills. 

Since  1897  I  have  been  from  time  to  time  engaged  in  investigating 
the  igneous  rocks  of  the  Berwyn  Hills,  which  lie  to  the  south  of  the 
Dee  Valley,  between  Corwen  and  Llandrillo.  The  igneous  mass 
occupying  the  highest  stratigraphical  position  is  a  series  of  quartz- 
keratophyre  (soda-rhyolite)  tuflfs,  with  a  lava  of  the  same  composition 
at  its  bfiise.  The  fact  that  sections  across  the  tuffs  a  mile  or  less 
apart  invariably  show  different  successions  of  quartz-keratophyre 
tuffs,  the  latter  being  distinguished  from  one  another  by  colour  and 
slight  corresponding  differences  in  composition,  points  to  a  large 
number  of  centres  of  eruption  as  their  source.  One  of  these  lay 
near  Blaen  Llynor,  as  shown  by  the  agglomerate  to  be  seen  in  the 
bed  of  that  stream. 

The  four  great  sills  marked  '  greenstone '  on  the  Geological 
Survey  Map  of  the  district,  together  with  their  associated  dykes 

*  The  two  specimens  available  are  labelled : — 568,  Crajra  N.  of  Ty-brya  Farm, 
N.  of  Moel-y-Golfa  summit ;  672a,  S.  of  road  between  "  Plough  and  Harrow  *'  and 
Trewem  Farm,  S.  of  Moel-y-Golfa. 

>  See  definition,  Rosenbusch,  <*  Elemente  der  Gesteinslehre,"  2nd  ed.,  1901,  p.  287. 
5  Q.J.G.S.,  vol.  xli  (1886),  p.  532. 

*  *♦  Elem.  d.  Gesteinslehre,"  1901,  p.  288. 
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to  be  seen  on  tbe  cliff  above  Llyn  Llyno-oaws,  were  found  to  bave 
tbe  composition  of  a  keratopbyre ;'  tbat  is  to  say,  tbey  are  essentially 
composed  of  albiie  and  diopside.  Tbe  proportion  of  diopside  to 
albite  was  found  to  vary  somewbat,  and  to  be  generally  greater 
iban  in  tbe  case  of  tbe  keratopbyre  of  tbe  Breiddens.  Otber 
minerals  rarely  make  up  as  mucb  as  10  per  cent,  of  tbe  rook.  Tbe 
texture  is  never  porpbyritic,  and  is  generally  tbat  cbaracteristio  of 
the  dolerites  (diabases),  from  wbicb  tbese  keratopbyres  are  only  to 
be  distingnisbed  by  the  refraotive  index  or  extinction  angles  of  their 
felspars.  As  I  believe  this  to  be  tbe  first  description  of  keratopbyre 
as  an  intrusive  rock,  I  may  state  that  in  this  case  there  can  be  no 
question  as  to  its  intrusive  character.  The  slates  are  distinctly 
metamorphosed  above  and  below  each  sheet,  tbe  spotted  slate  so 
well  exposed  above  having  been  mistaken  for  tuffs  in  1850  by 
officers  of  the  Geological  Survey.  Tbe  crag  on  Camedd-y-Ci  shows 
the  banging  wall  rent  and  penetrated  by  minute  tongues  of  the 
igneous  rock,  and  fragments  of  tbe  sedimentary  rock  have  been 
floated  off  into  tbe  magmsu 

No  dolerites  of  the  keratopbyre  facies  (i.e.  containing  diopside) 
occur  in  tbe  Berwyn  district  so  far  as  I  have  been  able  to  discover. 
Tbe  only  basic  rock  in  the  neighbourhood  is  an  olivine-dolerite  with 
titaniferous  augite  forming  a  dyke  trending  north-west  and  south- 
east in  Tiant  Llwyn  Gwern,  near  Craig  Wen.  This  is  erroneously 
mapped  as  a  triangular  patch  on  tbe  Survey  Map,  but  is  simply 
a  coarse-grained  dyke,  probably  to  be  connected  with  the  Post- 
Carboniferous  dykes  of  Anglesey  and  Carnarvonshire. 

Gbnvbal. 

The  superficial  resemblance  of  the  intrusive  keratopbyres  here 
described  to  the  dolerites  (diabases)  so  common  in  Carnarvonshire 
may  be  regarded  as  a  significant  fact.  The  felspars  of  the  latter 
rocks  have  in  a  few  instances  been  determined,'  and  were  found 
to  belong  generally  to  tbe  andesine-labradorite  series.  Albite  has 
not  been  recorded.  I  would  suggest  that  an  interesting  field  of 
research  lies  open  to  some  one  more  favourably  situated  than  myself 
in  determining  tbe  felspars  of  a  large  number  of  the  Welsh  pre- 
Carboniferous  dolerite  intrusions.  Should  albite  be  proved  present 
in  Carnarvonshire,  we  should  have  the  association  of  keratopbyres 
and  dolerites  confirmed,  and  it  would  be  interesting  to  discover 
whether  there  was  a  passage  between  tbe  two  rocks,  and,  if  so, 
whether  horizontally  or  vertically.  On  the  otber  band,  should 
albite  be  absent  in  Carnarvonshire,  tbe  existence  of  a  series  of 
rocks  all  of  the  same  facies,  basic  in  the  north-west  but  acid  in  the 
south-east,  would  have  to  be  explained. 

A  complete  petrograpbical  description  of  the  rocks  mentioned  in 
this  note  is  in  band,  and  will  be  published  in  another  place  as  soon 

'  Thin  sections  of  some  60  specimens  taken  from  vorions  parts  of  these  masses 
hare  been  examined. 

'  Uaiier:  Q.J.G.S.,  vol.  xliv  (1888),  p.  449  ;  and  "Bala  Volcanic  Series  of 
<JiniaiTonshire,"  p.  81,  Cambridge,  1889. 
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as  the  pressure  of  other  duties  permits.  I  would  like  to  add  thai 
my  work  in  the  Berwyn  Hills  was  assisted  hy  a  grant  from  the 
Government  Grant  Committee  of  the  Royal  Society. 

Appendix. 

Confirmation  of  the  determination  of  the  felspars  in  the  kerato- 
phyre  of  Moel-y-Golfa  was  obtained  by  nnoovering  a  portion  of 
one  of  the  slides  and  immersing  the  thoroughly  cleaned  edge  of  the 
section  in  ethylene  bromide  (fi  =  1-6366,  by  the  Fuess  Refractometer, 
Model  II).  The  felspar  showed  7  a  little  above  fi  of  the  liquid, 
a  distinctly  below.  The  extinction  angles  on  sections  perpendicular 
to  010  of  twins  on  the  albite  and  carlsbad  laws  also  confirmed  albite» 
the  measurements  on  four  sections  being : — [20  :  22]  [18  :  21]  ; 
[17  :  16]  [17  :  21]  ;  [9^  :  9J]  [13  :  16]  ;  [6  :  6]  [3  :  3].  The 
determination  of  the  felspar  of  the  Berwyn  keratophyre  was  also 
confirmed  by  refractive  index  measurements,  and  extinction  angles 
on  cleavage  chips  as  well  as  on  symmetrical  sections  twinned  on  the 
albite  and  carlsbad  laws. 

Brief  descriptions  of  Becke's  bright  line  method  of  determining 
small  differences  of  refractive  index,  and  of  Michel  Levy's  method 
of  determining  the  plagioclase  felspars  by  the  extinction  angles  on 
sections  perpendicular  to  010  of  crystals  twinned  on  both  albite  and 
carlsbad  laws,  will  be  found  in  the  Appendix  to  Iddings'  Translatioi^ 
of  Bosenbusch's  "  Microscopical  Physiography  of  the  Bock-making 
Minerals,"  4th  ed.,  New  York,  1900. 


V. — Contributions   to   thb  Geology  op   Ckylon  : 

II.    SiLIOIFIOATION   OF  CRYSTALLINE  LIMESTONES. 

By  A.  K.  C00MARA8WAMY,  B.Sc,  F.L.S.,  F.G.S.,  Director  of  the  Mineral  Survey 

of  Ceylon. 

THE  occurrence  of  small  quantities  of  chert  and  opal,  usually  in 
or  near  exposures  of  crystalline  limestone,  hut  very  often  in 
fragments  or  houlders  not  quite  in  situ,  is  not  unusual  in  Ceylon* 
For  some  time  the  origin  of  these  siliceous  rocks  remained  ohscure ; 
observations  made  within  the  present  year  (1903),  however,  enable 
me  to  give  a  more  detailed  account  of  their  mode  of  occurrence. 
I  have  had  the  advantage  of  my  colleague  Mr.  James  Parsons* 
company  in  examining  many  of  the  exposures,  and  have  been  able 
to  discuss  with  him  the  problems  raised. 

A  band  of  chert  occurs  in  situ  on  the  path  descending  from  the 
ambalam  just  J  mile  W.N.W.  of  TJduwela  trigonometrical  station 
(about  3  miles  south-east  of  Kandy),  and  about  4  to  5  yards  below 
the  fourth  of  the  six  bands  of  limestone  which  are  crossed  in 
descending  the  hill.^  The  width  of  the  band  of  chert  is  about  5  feet; 
it  includes  a  number  of  varieties,  all  with  good  conchoidal  fracture. 
These  are :  homogeneous  green  opal ;   homogeneous  brown  chert 

1  The  locality  can  be  identified  on  the  map,  Q.J.G.S.,  toI.  Iviii  (1902),  pi.  xiii,  but 
the  position  of  the  bands  of  limestone  is  not  correctly  indicated  there. 
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(ihese  two  with  very  smooth  fractare) ;  brown  mottled  chert,  with 
phlogopite,  spinel,  and  graphite ;  green  chert,  with  abundant  mica 
and  graphite,  and  less  frequent  spinel ;  and  whitish  decomposed 
chert,  with  the  same  accessory  minerals  in  addition  to  blue  apatite. 

Specimens  of  limestone  with  identical  accessory  minerals  occur 
qnite  near.  On  its  north  side,  the  chert  band  appears  to  pass  into 
decomposed  limestone  which  shows  green  spots  suggestive  of  partial 
silioifioation.  It  was  not  quite  certain  that  these  apparent  transition 
types  ooonrred  in  siHi,  There  were,  however,  many  specimens  which 
coald  only  with  difficulty  be  definitely  named  as  chert  or  limestone. 
A  thinner  band  of  brown  chert  occurs  on  the  path  a  little  below  the 
main  band. 


Partially  silicilied  crystalline  limestone,     x  22. 
C,  carbonate  (dolomite] ;  M,  mica ;  S,  spinel ;  remainder,  opaline  silica. 

Five  thia  sections  of  these  cherts  were  prepared.  One  of  the 
green  opal  (1056)  shows  merely  a  green,  structureless,  homogeneous, 
isotropic  roolc.  The  brown  chert  (1052)  consists  of  chalcedonic  silica, 
in  diaracteristic  spherulitic  aggregates ;  there  is  a  colourless  trans- 
parent base  in  which  are  scattered  very  numerous  tiny  ferruginous 
aggregates  ^rhich  give  the  brown  colour  to  the  whole  rock.  Certain 
cracks  are  filled  with  characteristic  chalcedonic  infiltrations. 
Bounded  spots  containing  fewer  of  the  ferruginous  specks,  and 
appearing  rather  dark  between  crossed  nicols,  call  to  mind  the 
appearance  presented  by  structureless  radiolarian  casts ;  the  presence 
of  nidiolaria  is,  however,  quite  out  of  the  question.  The  greenish 
micaceotis  ohert  (1055)  consists  of  opaline  and  chalcedonic  silica  in 
roughly  equal  proportions,  enclosing  numerous  individuals  of  well- 
preserved  phlogopite  and  a  flake  of  graphite.  In  another,  very 
similar  specimen  (1054)  the  mica  is  much  hydrated,  and  silica  has 
been  deposited  between  the  laminae,  which  are  swollen  and  dis- 
placed. In  the  mottled  chert  (1053)  chalcedonic  chert  is  much 
more  abundant  than  chalcedony,  and  the  accessory  minerals  include 
graphite  and  abundant  and  characteristic  spinel,  colourless  in  the 
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thin  seotion  but  pink  in  the  hand  speoimen.    In  none  of  these  slides 
ure  any  remains  of  carbonates  to  be  found. 

Some  specimens  collected  from  blocks  resting  on  crystalline 
limestone,  but  not  quite  tti  sit^^  on  Upper  Bajawela  estate  (about 
11  miles  from  Kandy  on  the  Teldeniya  road),  about  a  third  of  a  mile 
E.S.E.  of  Rajawela  tngonometrioal  station,  were  also  sliced.  Of 
these  one  (1074)  evidently  consisted  of  partially  silicified  limestone ; 
the  section  showed  disintegrated  and  corroded  crystals  of  dolomite 
embedded  in  an  isotropic  siliceous  matrix,  in  which  an  abundance  of 
hydrated  phlogopite  and  a  few  grains  of  spinel  are  also  found. 

The  silica  has  penetrated  along  the  cleavage  cracks  of  the 
carbonates,  with  every  appearance  of  corrosion.  The  dolomite 
individuals  are  thus  broken  up  into  irregular  fragments,  often  more 
or  less  rhombohedral,  and  these  graduate  into  the  smallest  specks 
which  remain  scattered  in  the  siliceous  base,  sometimes  indicating 
by  their  disposition  the  rough  outline  of  the  original  carbonate. 

Another  specimen  (1073)  from  this  locality  consisted  entirely  of 
brown  chert  and  resembled  No.  1053. 

The  amount  of  chert  present  in  any  locality  is  always  small,  and 
quite  insignificant  in  comparison  with  the  total  amount  of  crystalline 
limestone  present ;  nor  can  the  occurrences  of  chert  be  followed  for 
any  distance.  Tbey  are  also  met  with  in  other  parts  of  Ceylon, 
e.g.  in  the  Uva  Province,  although  their  connection  with  crystalline 
limestone  is  not  always  traceable ;  but  there  is  no  direct  evidence  of 
their  occurrence  as  a  replacement  of  any  other  rock. 

From  the  foregoing  observations  I  conclude  that  these  opaline 
cherts  result  from  the  alteration  of  crystalline  limestone,  the  car- 
bonates being  dissolved  and  replaced  by  opaline  or  chalcedonic  silica, 
or  a  combination  of  the  two.  Very  possibly  the  pure  siliceous  rocks, 
free  from  accessory  minerals,  do  not  so  directly  replace  the  limestone, 
but  are  siliceous  deposits  similar  to  the  chalcedony  deposited  in  cracks 
in  the  other  cherts,  which  must  already  have  had  time  to  harden  and 
develop  cracks,  previous  to  the  introduction  of  a  further  supply  of 
silica.  The  silicification  is  probably  the  result  of  the  presence  of 
heated  waters  containing  silica  in  solution  introduced  after  the  con- 
solidation of  the  crystalline  limestone  in  its  present  form.  In  other 
words  we  have  here  a  metasomatic  transformation.  A  number  of  hot 
springs  are  known  to  occur  in  Ceylon,  e.g.,  at  Badulla,  Alupota, 
Bubule,  and  Bibile,  in  the  Uva  Province  ^ ;  and  near  Koggala,  Magam 
Pattu,  in  the  Southern  Province.'  The  occurrence  of  these  springs 
lends  support  to  the  probability  of  such  alterations  having  taken 
place. 

It  is  of  interest  to  notice  the  bearing  of  these  observations  on  the 
origin  of  cherts  in  general ' ;  we  are  here  dealing  with  cherts  which 
are  certainly  of  inorganic  origin.  The  mica,  spinel,  and  graphite  met 
with  in  the  chert  are  proof  that  the  original  rock  was  a  crystalline 


»  Uva  Manual,  by  H.  White,  Colombo,  1903,  p.  82. 
•  Ceylon  Administration  Reports,  1902,  Survey  Department,  p.  B.  30. 
>  For  a  discussion  of  this  question,  see  C.  A.  Baisin,  Proc.  Geol.  Assoe.,  x? 
1903),  pp.  71-82. 
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limestone  quite  similar  to  those  still  met  with  in  large  qaantity ;  no 
flource  of  abundant  silica  can  be  found  in  these  rocks,  so  that  we  are 
-driven  to  conclude  that  it  has  been  introduced  from  without.  It  is 
simplest  to  suppose  that  the  silica  was  introduced  in  solution  in  the 
waters  of  hot  springs.  It  may  have  been  deposited  at  first  in  the 
oolloid  form  and  subsequently  have  become  chaloedonic  in  parts ;  or 
the  two  forms  of  silica  may  have  been  deposited  more  or  less  simul- 
taneously. It  seems  likely,  however,  that,  at  least  to  some  extent, 
there  has  been  a  transformation  from  opal  to  chalcedony. 

In  conclusion,  the  cherts  described  represent  a  secondary  condition 
of  a  rock  originally  different,  viz.  crystalline  limestone ;  the  silica 
has  been  introduced  from  without,  and  is  of  inorganic  origin ;  the 
silica  has  been  chemically  deposited,  chiefly  in  the  colloid  form,  and 
replaces  the  carbonates  which  have  been  removed  in  solution. 


VL^Oh    thb    Bbcbnt  Tufagbous    Dbposit   or    ToTiiAND    Bat, 
IsLB  ov  Wight. 

By  A.  Sakteb  Eennabd  and  S.  Haszlbdine  'Wa&rbm',  F.G.S. 

ON  the  top  of  the  cliff  between  Headon  Hill  and  Widdick  Chine, 
in  Totland  Bay,  there  is  a  Becent  tufaceous  deposit  containing 
land  and  fresh- water  shells.  It  extends  along  the  cliff  for  nearly 
^50  yards  in  a  north-easterly  direction  from  the  base  of  Headon 
Hill,  and  is  about  60  feet  above  the  sea-level. 

It  was  first  described  by  Mr.  Joshua  Trimmer,^  and  subsequently 
by  Professor  Edward  Forbes'  and  Mr.  H.  W.  Bristow.'  In  the 
more  recent  memoir  on  the  Isle  of  Wight  ^  the  earlier  descriptions 
4ire  quoted,  but  the  section  is  described  as  being  then  almost  entirely 
oTeigrown. 

The  deposit  is  described  as  being  of  very  variable  character,  as 
the  following  details  will  show.  At  the  base  of  Headon  Hill 
Mr.  Trimmer  states  that  it  presented  the  following  section  : — 

feet. 
e.    'Warp-drift :  brown  sandv  loam  without  lamination,  containing 
trafments  of  flint  ana  Tertiary  limestone.    Filling  farrows 

in  file  bed  below 1  to  3 

m-e.  Alternations  of  cream-coloured  marl,  calcareous  tufa,  and  sand 
and  clay  blackened  by  organic  matter ;  the  calcareous  tufa 
being  in  beds  6  inches  to  2  feet  thick,  and  the  sand  and 
clay  forming  bands  of  2  to  6  inches  in  thickness     12  or  more 

This  author  also  states  that  Professor  Edward  Forbes  obtained 
ehells  of  the  genus  Tlnio  in  a  layer  of  flint  gravel  which  occurs  in 
places  beneath  the  tufaceous  deposit.  Possibly  this  should  be 
Anodonia  rather  than  Z7nto,  but  no  fresh  specimens  have  been  found 
to  settle  the  point    Not  far  from  the  termination  of  the  deposit 

'  Quart.  Joum.  6eol.  Soc.,  1854,  yol.  x,  p.  53. 

*  *' On  the  T^tiary  Flu^io-Karine  Formation  of  the  Isle  of  Wight" ;  Mem. 
<jto\.  Survey,  1856,  p.  8. 

'  Ibid.,  p.  105. 

*  "  The  Geology  of  the  Isle  of  Wight,"  by  Messrs.  H.  W.  Bristow,  Clement 
Beid,  and  Aubrey  Strahan :  Mem.  Geol.  Surrey,  1889,  p.  229. 
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(that  i»,  as  seen  in  the  oliff  seotLon),  in  a  north-easterly  direction^ 
or  away  from  Headon  Hill,  Mr.  Trimmer  gives  the  section  as 
follows: — 

ft.  ins. 

e,    "Warp -drift  of  brown  loam       6    0 

e.    Cream-coloured  marl,  with  calcareous  concretions,  and  a  few  thin 

black  seams  coloured  by  vegetable  matter ;  land-shells    2    & 

b.    Sand  blackened  by  organic  matter ;   calcareous  concretions  and 

land-shells     4  inches  to  1     0 

a.    Calcareous  tufa ;  land-shells 10  inches  to  2    0 

In  describing  the  calcareous  concretions,  Mr.  Trimmer  states  that 
some  are  cylindrical  and  others  sub-globular.  The  former  have 
often  a  cavity  through  the  middle,  which  is  occasionally  filled  witli 
decayed  vegetable  matter ;  thus  showing  them  to  have  accumulated 
round  the  twigs  and  stems  of  plants,  as  their  form  suggests.  He 
also  considers  that  many  of  the  sub-globular  concretions  may  have  had 
land-shells  for  their  nuclei.  This  author  records :  Selix  [  =  HeUctgona] 
arbustorum  or  nemoralis ;  JSdix  [  =  Hygromia']  hispida ;  Oydostoma 
elegans  [=  Pomatias  reflexus]. 

Professor  Edward  Forbes  confirms  Mr.  Trimmer's  account,  and 
gives  the  following  section,  though  without  stating  its  exact  position 
in  the  cliff  section  : — 

ft.  ins. 

e.    Loam,  with  scattered  Helices,  fragments  of  flints         6    0 

Helix  [  =  Helicigona]  arbustorum  or  ttemoraliSy  CyeloUoma  elegans 
r  =  Pomatiat  rejlexut\  abundant. 

d.  Clay-bed  more  full  of  shells. 

Limnaa  palmtrity  Helix  [  =  Vallonia]  pulehella.  Helix 
erieetorum  [  =  Helicella  itala].  Helix  [  =  Hygroma]  hispiday 
Ztta[^=  Ooehlieopa']\lubrieafAchatitia[^=  Cacilianellajacicula, 

e.  Bluish  carbonaceous  marl,  shells  most  plentiful     2     0 

Suceinea  oblonga,  Cyclaa. 
a-b.    "Wliite  tufaceous  marl,  sandy  in  places,  becoming  purplish  towards 

base,  and  somewhat  stratified 3    8- 

Cyeloitoma  elegam  [  =  Pomatiat  re/lexus]y  Clausiliay  Suceinea 
oblonga^  CyeUu  or  Pindimtif  Helix  hortensis.  Helix  [  =  Pyra- 
inidula"]  rotundatay  Helix  [  =  Vitrea']  eellaria. 

Mr,  H.  W.  Bristow  describes  the  deposit  generally  as  con- 
sisting of : — 

e.    Brown  loam,  of  unec^ual  thickness,  with  scattered  angular  flints. 
d.     Brown  clay  with  perished  shells. 
a-c.    Calcareous  tufa,  4  to  5  feet  thick,  sometimes  equalling  the  Limnaean  limestone 

in  hardness,  finer  at  the  top  and  coarser  below,  and  with  a  few  black 

lines  caused  by  decayed  vegetable  matter. 

Since  these  last-named  authors  examined  the  deposit  for  the 
memoir  of  1866  on  **  The  Tertiary  FIuvio-Marine  Formation  of  the 
Isle  of  Wight,"  no  further  information  concerning  it  appears  to 
have  been  obtained. 

It  was  largely  owing  to  a  remark  in  a  former  paper  *  that  one 
of  us  was  led  to  collect  from  this  deposit.     Though  the  cli£f  was 

^A.  Santer  Kennard  and  B.  B.  Woodward,  "The  Post-Pliocene  Non-Marine 
Mollusca  of  the  South  of  England'* :  Proc.  Geol.  Assoc.,  1901,  vol.  rvii,  p.  231. 
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found  to  be  overgrown,  but  little  difficulty  was  experienced  in 
finding  a  place  where  the  turf  bad  slipped  so  as  to  expose  the 
calcareous  tufa  beneath.  Nothiug,  however,  was  seen  of  any  of 
the  beds  of  clay  or  sand  associated  with  it  The  spot  from  which 
the  present  collection  was  taken  was  at  a  very  short  distance  to  the 
south-west  of  Widdick  Chine,  and  at  about  8  or  10  feet  below  the 
top  of  the  cliff.  All  the  shells  were  obtained  from  about  the  same 
level,  within  a  foot  or  so,  but  as  no  clear  section  was  seen,  aud  the 
bed  collected  from  may  have  slipped  somewhat  from  its  original 
level,  there  is  no  reason  to  correlate  it  with  one  of  the  beds  of 
tufa,  as  described  by  previous  authors,  rather  than  with  another. 
Seventeen  species  of  mollusoa  were  obtained,  viz. : — 

Vtirta  erffstaUina  (Miill.).  Hdix  hortensis  (Miill.). 

„      nitidtda  (Drap.).  CoeUicopa  lubrica  (Miill.). 

„      radiatula  (Alder).  Jaminia  museorum  (Linne). 

Zamiaide9  nitiduB  (Miill.).  Vertigo  svbstriaia  (JefL), 
.Eae<mmluBfulvu8  (Miill.).  „      pusilla  (Miill.). 

Sphifradium  edenttdum  (Drap.).  Clausilia  hideniata  (Strom.). 

Pp-amdula  rottmdaia  (Miill.).  Carychium  minimum  (Miill.), 

Hdidgoma  arbustorum  (Linn6).  LimncBa  truneatula  (MiilL). 
Helix  nemoraUa  (Linn6). 

It  will  be  noticed  that  only  six  of  these  species  have  been  hitherto 
reoorded,  whilst  several  listed  species  did  not  occur  in  the  material. 
Two  speciee,  Vertigo  substriata  and  F.  pusilla,  are  as  yet  unrecorded 
living  ^m  the  Isle  of  Wight  or  Hampshire,  though  they  are  known 
to  occur  in  tufaceous  deposits  in  Hampshire.  It  is  noteworthy  that 
the  examples  of  Helix  nemoralia  are  without  bands,  whilst  the 
specimens  of  Helix  hortensis  possess  all  the  bands.  Mr.  Clement 
Beid,  F.B.S.,  has  noted  that  in  the  tufaceous  deposit  at  Blashenwell 
a  similar  state  of  things  occurred.^  The  great  variation  in  these 
species  is  well  known,  and  this  variation  is  to  be  found  amongst  the 
fossil  examples  as  well  as  recent,  but  with  the  shells  from  these 
two  similar  deposits  there  is  no  variation  whatever.  It  affords  an 
extremely  interesting  problem  for  which  we  can  offer  no  solution. 

The  deposit  lies  on  an  uneven  surface  of  the  Potamomya  Sands, 
which  underlie  the  LimnsBan  limestone  and  belong  to  the  Upper 
Headon  Beds.  Both  Professor  Edward  Forbes  and  Mr.  H.  W. 
Bristow  describe  it  as  lacustrine,  though  land-shells  are  characteristic 
and  fresh-water  forms  comparatively  scarce,  as  had  previously  been 
noticed  by  Mr.  Joshua  Trimmer.  Both  the  molluscan  fauna  and  the 
nature  and  position  of  the  deposit  itself  clearly  indicate  a  damp  land- 
surface,  over  which  oozed  the  water,  highly  charged  with  carbonate 
of  lime,  which  was  thrown  out  of  the  Headon  Hill  limestones  by 
springs.  It  is  noteworthy,  in  this  respect,  that  Mr.  Trimmer 
describes  it  as  being  thickest  under  Headon  Hill,  and  thinning 
away,  and  finally  disappearing,  in  a  distance  of  little  more  than 

'  C.  Beid,  "An  Early  Neolithic  Kitchen  Midden  and  Tufaceous  Deposit  at 
fflashemrdl '' :  Proc.  Dorset  Nat.  Hist,  and  Ant.  Field  Club,  1896,  vol.  xvii,  p.  74. 
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800  yards  in  a  north-easterly  direction.  The  springs  to  which  this 
tufa  owed  its  origin  have  been  tapped  by  the  recession  of  the  cliffs,^ 
80  that  no  calcareous  deposit  now  takes  place,  or  has  done  since  the 
deposition  of  the  *  Warp-drift.'  From  the  presence  of  a  certain 
proportion  of  fresh-water  forms,  and  from  the  beds  of  sand  and  clay 
which  are  interstratified  with  the  tufa,  there  were  most  probably 
one  or  more  small  streams  meandering  through  the  area,  with 
frequently  changing  coarse,  but  there  does  not  appear  to  be  any 
evidence  of  lacustrine  conditions. 

There  can  be  no  doubt  that  the  deposit  belongs  to  the  Holooene 
Period,  but  no  evidence  has  been  obtained  to  enable  us  to  fix  its  age- 
with  any  greater  precision. 


VII. — The  Ophite  of  Biabbitz. 

By  P.  "W.  STrABT-MBNTBATH,  Absoc.  R.  S.  Mines. 

FOUR  articles  in  the  Biarritz  Association  Bulletin,  and  a  series 
in  the  last  publications  of  the  Soc.  O^L  de  Fi-ance,  discuss  the 
problem  of  Pyrenean  ophite  by  conjectures  regarding  the  obscure 
points  of  greenstone  in  the  shifting  sands  of  the  Biarritz  coast. 
When  first  seeking  new  facts  at  Biarritz,  I  discovered  the  red  mark 
and  gypsum  that  accompany  the  ophite  to  be  recurrent  in  the- 
tindisputed  Upper  Cretaceous  of  Croix  d'Ahetze,  and  I  followed 
the  Biarritz  rocks  to  Zumaya  and  Loyola  in  the  attempt  to  trace 
their  relations.  Having  subsequently  proved  that  the  other  red 
clays  mapped  as  Trias  are  brick  clay  of  post- Glacial  origin,  con- 
temporary with  a  tooth  of  Elephas  prtmigenius  and  anterior  to  flint 
implements  described  as  Pliocene,  and  having  vainly  demonstrated 
the  continuity  of  the  rocks  of  the  Spanish  coast  by  both  maps  and 
fossils,  I  would  invite  geologists  to  profit  by  the  light  railways  and* 
other  advantages  which  to-day  enable  the  fundamental  section  of 
Pyrenean  geology  to  be  easily  studied  in  its  unmistakable  continuation. 

Ideal  constructions  represent  the  Biarritz  rocks  as  sharply  trun* 
cated  by  an  effandrement  of  the  Atlantic  basin.  Observation  proves 
that  they  skirt  the  coast,  form  the  promontory  of  Abadia,  present 
three  species  of  Nummulites  at  Pasages,  and,  although  stripped  by 
the  waves  beyond  Zumaya,  recur  in  patches  to  far  beyond  Santander. 
The  confusion  resulting  from  treating  as  a  transverse  section  the 
almost  longitudinal  exposures  of  Biarritz  is  an  example  of  not 
uncommon  tectonics. 

The  fossiliferous  red  limestones  and  marls  which  extend  by 
Abadia  and  Fontarabia  to  Zumaya  are  rich  in  Ammonites,  worked 
for  cement,  recognizable  by  lithologic  character,  and  regularly 
affected  by  sharp  local  plications  and  dislocations  along  the  thirty 
miles  of  coast  in  question.  Marine  erosion  between  Bidart  and 
Abadia  produces  the  only  important  break.  Exactly  as  at  Biarritz,, 
so  also  at  Fontarabia,  the  fossiliferous  Danien  summit  of  the  Cre* 
taoeous  is  overlain  by  Flysch  that  represents  the  Lower  Eocene  and 

1  <<The  G^lo^  of  the  Isle  of  Wiffht,"  by  Messrs.  H.  W.  Bristow,  Clement  Eeid,. 
and  Aubrey  Strahan:  Mem.  Oeol.  Surrey,  1889,  p.  229. 
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msensibly  passes  to  the  Nummulitio  sandstones  of  the  Biarritz  cliffs. 
Bot  at  Fontarabia  all  formations  are  inclined  at  15^,  and  the  red  and 
green  clays  that  irregularly  occur  towards  the  junction  of  Eocene 
and  Cretaceous  are  here,  as  along  the  whole  thirty  miles  to  Zumaya, 
obviously  normal  beds  of  Eocene  or  Cretaceous,  whose  vivid 
ooloration  and  lithologic  character  explain  these  supposed  intrusions 
of  the  Trias.  The  clearly  local  character  of  the  sharp  plications  and 
dislocations  is  proved  along  thirty  miles ;  the  incorrectness  of 
assuming  the  same  to  be  gigantic  faults  at  Biarritz  is  hence 
apparent  But  many  years  ago  I  further  urged  the  fact  that  the 
opposed  dips  and  strikes,  regularly  quoted  at  Casevilie  as  proof  of 
a  gigantic  fault,  are  visibly  local  and  gradually  vanish  towards  the 
'  fault,' — which  fault  is  moreover  inferred  logically  from  the  erroneous 
supposition  of  Jacquot  that  its  continuation  at  Fontarahia  is  indicated 
by  a  recurrence  of  Cretaceous,  marked  as  such  on  every  map  except 
mine  of  Comptes  Bendus  Aa  Sc.  of  June,  1894,  and  that  published 
in  1900  by  the  author  of  the  Spanish  Oeol.  Survey  map  of  1884. 
The  Nummulites  found  at  Pasages  were  recognized  as  unquestionable 
by  Munier-Chalmas  and  other  special  authorities.  As  such  decisive 
points  are  ignored  in  the  entire  discussion,  and  as  the  geologist  who 
concludes  it  has  classed  the  Flysoh  as  Cenomanien  by  fossils  at 
Ootein  whose  head  and  tail  project  on  opposite  sides  of  the  decom- 
posed limestone  rolled  pebbles  that  contain  them,  I  need  hardly 
disouss   the  siliceous    Orbiiolina  which  occur  in  the  Flysch  con- 

Cierates,  both  beneath  the  Danien  at  Ciboure  and  above  the 
ien  at  Casevilie,  in  rolled  pebbles  of  that  Cenomanien  limestone 
whoee  outcrops  to  the  south  bristle  with  those  indestructible 
organisms.  From  the  central  Pyrenees  to  the  Ocean  I  have  found 
Hippurite$,  PlagiopUcus,  and  other  shells  of  Turonien  character  in 
the  uppermost  beds  of  the  Cenomanien  limestone,  which  is  the  usual 
basis  of  the  Flysch.  My  best  collection  of  Turonien  fossils  is  from 
the  base  of  the  Flysch  of  Roncesvalles  and  Oroz,  which  visibly 
overlies  the  Cenomanien  limestone.  M.  Seunes  discovered  in  my 
Cenomanien  both  Oault  and  Lower  Aptien,  respectively  characterized 
by  two  names  of  one  shell,  found  by  both  Sowerby  and  Davidson  in 
the  Cenomanien,  but  at  first  inadvertently  christened  with  a  name 
already  monopolized  by  a  Jurassic  brachiopod. 

South  of  Zumaya  the  red  Danien  and  the  Senonien  of  Bidart, 
largely  worked  at  both  places  for  cement,  rest  normally,  as  at 
Biarritz,  on  the  Turonien  Flysch.  From  beneath  this  rise  irregular 
bosses  of  Cenomanien  limestone,  which,  precisely  as  at  Arette, 
Atheray,  and  many  intermediate  plaoes,  furnish  a  black  and  a  flesh- 
ooloured  marble  abounding  in  characteristic  fossils.  The  polished 
slabs  which  line  the  sanctuary  of  Loyola,  and  are  largely  employed 
in  the  neighbourhood,  present  innumerable  sections  of  Badiolile$ 
CantabrieuB,  Douvill6,  B,  foliaceua,  Lamk.,  and  other  shells  which, 
here  as  elsewhere,  prove  a  Cenomanien  age.  In  the  recurrence  of 
tlie  Flysoh  above  this  limestone  between  Loyola  and  Zumarraga, 
I  have  counted  fourteen  intrusions  of  ophite  in  eight  miles  of  the 
toad.     These  intrusions,  together  with  intermediate  slices  of  usually 
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metamorphosed  but  often  freshly  marly  Flysch,  compose  a  moantain 
mass  nine  miles  in  length  and  2,000  to  8,000  feet  in  height,  whose 
central  portion  is  solid,  and  is  mapped  as  solid  ophite  by  the 
Spanish  Survey  on  a  transverse  diameter  of  over  three  miles.  The 
several  intrusions  strike  in  the  four  directions  which  in  1886 
I  summarized  from  a  detailed  survey  of  the  mineral  lodes  of  the 
neighbouring  Pyrenees.  As  these  lodes  are  very  certainly  of 
Tertiary  age,  the  ophitic  intrusions  indicate  a  similar  origin.  Here 
only  crush  and  contact  breccias  are  noticeable,  and  the  intrusions 
are  of  every  variety  from  typical  ophite  to  typical  melaphyre  and 
highly  vesicular  spUites.  The  uniquely  valuable  investigations  of 
Dr.  Ogilvie  (Gordon  are  especially  applicable  to  this  case,  which 
affords  ample  evidence  touching  the  intrusive  character  of  the 
Biarritz  ophite  and  its  independence  of  any  special  formation  in 
spite  of  constant  association  with  the  peculiar /actea  of  the  Flysch. 

East  of  Biarritz  a  mass  of  ophite  four  miles  in  diameter,  between 
Anglet  and  Villefranque,  resembles  that  of  Loyola  in  cutting  across 
the  Upper  Cretaceous  beds,  and  in  the  freshly  irruptive  character 
which  enables  both  to  be  largely  employed  for  metalling  roads.  At 
the  Villefranque  salt- work  the  same  Nummulitic  species  are  in 
contact  with  the  gypsum,  salt,  and  ophite  as  are  in  similar  contact 
on  the  Biarritz  coast.  At  both  points  the  rocks  of  the  Lower  Eocene 
are  metamorphosed  and  dislocated  as  at  other  Pyrenean  localities. 
The  oldest  rocks  of  the  neighbourhood  are  those  containing  the 
abundant  Qreensand  fauna  which  I  discovered  and  described  in 
1887  in  Bull.  Soc.  G^eol.  The  subsequent  maps  and  papers  of 
Captain  Gorceix  (1894),  being  filled  with  new  and  decisive  facts, 
are  never  quoted  by  those  who  best  know  them.  The  salt  deposits 
of  Villefranque  are  analogous  to  those  of  Cardona,  Suria,  Pinos,  eta, 
whose  obviously  Eocene  age  has  been  doubted  only  in  consequence 
of  speculations  regarding  Biarritz. 

The  ophite  of  I^yola  is  connected  with  the  similar  mass  adjoining 
Biarritz,  not  only  by  the  coast  rocks,  but  also  by  two  bands  of  Upper 
Cretaceous  which,  constantly  accompanied  by  numerous  ophite 
intrusions,  cut  across  all  the  rocks  of  the  western  Pyrenees.  One 
runs  between  Tolosa  and  Cambo,  the  other  between  Tolosa  and 
St.  Jean  Pied  de  Port.  In  indiffierent  contact  with  rocks  of  every 
age,  these  bands  independently  connect  the  Flysch  of  Loyola  with 
that  of  Biarritz,  and  show  the  intimate  relation  of  the  ophites  which 
I  have  mapped  along  their  unsuspected  course.  They  habitually 
skirt  the  Trias;  but  the  Muschelkalk  of  that  formation,  which 
I  have  compared  by  fossils  and  lithologic  character  to  that  of 
Goslar,  is  constantly  broken  into  three  or  four  strips  separated  by 
ophite  outcrops,  whereas  the  Upper  Cretaceous  exhibits  con- 
temporary volcanic  conglomerates  containing  fossiliferous  fragments 
of  every  age.  These  conglomerates  abound  in  the  Cambo  district, 
and  are  thence  traceable  to  Biarritz,  as  habitual  constituents  of  the 
Upper  Cretaceous  Flysch.  In  both  the  ophitic  outcrops  of 
Mouligna  and  Caseville  the  ophite  is  only  visible  as  isolated  blocks 
and  fragments  in  the  metamorphosed  horizon  between  the  Danien 
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«nd  the  Middle  Eocene.  Attempts  to  explain  these  oatcrops  as 
intrusions  of  Trias  from  below,  or  as  oarted  caps  from  above,  are 
equally  opposed  to  the  entire  analogies  of  the  neighbouring  Pyrenees 
and  to  aU  serious  observation  of  the  ophites  from  the  Pyrenees  to 
Portugal,  Italy,  and  Switzerland.  They  are  hence  instructive  as 
explaining  the  paradoxes  which  their  identical  authors  have  each 
and  all  asserted  regarding  other  districts  of  both  the  Alps  and 
Pyrenees.  I  should  add  that  the  Spanish  Survey  maps,  although 
folly  reoogpiizing  my  earlier  observations,  require  considerable  modi- 
fication through  those  made  since  1884,  as  their  able  authors  would 
be  the  first  to  acknowledge. 


VIII. — ^Thb  Toabcian  of  Bkkdon  Hill  :  A  Reply  to  Peof.  Hull.* 
By  S.  S.  BucKMAN,  F.G.S. 

IN  criticising  my  paper  Professor  Hull  '<  regrets  very  much  to 
have  found  it  necessary  to  make  these  remarks."  I  regret  it 
too,  because  he  only  raises  issues  which  have  been  discussed,  and, 
I  hoped,  settled  years  ago.  But  I  fear  that  Professor  Hull  has  not 
given  attention  to  modern  Jurassic  literature.  He  says  that  Midford 
Sands  is  '*  a  name  unknown  to  geologists  in  general."  Whereas,  as 
the  Editor  points  out,  Professor  Phillips  was  the  author  who  amused 
bhoself  with  inventing  this  fanciful  name,  to  adopt  my  critic's 
language.  And  in  the  1879  edition  of  Sheet  44,  at  the  foot  of 
which  appears  the  name  E.  Hull,  there  is  on  the  margin  this  legend, 
"G  4,  Midford  Sand." 

With  similar  neglect  of  literature  the  Professor  states  that  "  the 
much-debated  question  "  about  the  sands  ''  was  settled  [in  favour  of 
the  Lias]  by  Dr.  Wright  in  1856,  and  was  accepted  by  the  Geological 
Survey."  Yet  in  the  Survey  memoirs,  *'The  Jurassic  Bocks  of 
Britain,"  vols,  iii,  iv,  1893-94,  the  Midford  Sands  are  grouped  with 
the  Lower  Oolitic  series.  Sir  A.  Geikie  says  in  his  '*  Textbook  of 
Qeology,"  3rd  ed.,  p.  898 :  "  The  upper  stage  [of  the  Lias]  is  com- 
posed of  clays  and  shales  ....  surmounted  by  sandy  deposits, 
which  are  perhaps  best  classed  with  the  Inferior  Oolite" — the  view 
adopted  by  most  Jurassic  geologists. 

If  my  critic  had  read  my  paper  carefully  he  would  have  seen  that 
what  I  claim  to  have  settled  is  quite  different  from  what  Dr.  Wright 
did.  That  author  considered  the  sands  of  the  Cotteswolds,  of 
Somerset,  and  of  Dorset,  to  be  all  on  the  same  horizon,  a  later 
deposit  than  the  Upper  Lias  Clay,  but  with  Liassic  affinities.  He 
had  no  idea  that  the  sands  of  one  district  were  actually  earlier  in 
date  than  the  Upper  Lias  Clay  elsewhere.  Evidently,  too,  the 
Survey  Officers  had  no  idea  that  what  they  mapped  as  G  3  in  Dorset 
was  much  later  than  what  they  called  G  4  in  Gloucestershire,  and 
was  the  same  horizon  as  some  that  was  mapped  G  5  in  Somerset 

It  is  my  discovery  that  "in  different  localities  the  Sands  are  of 
different  dates"  (Q.J.G.S.,  vol.  lix,  p.  456).     It  is  my  discovery 

»  Geol.  Mag.,  Dec.  IV,  Vol.  X,  No.  XII,  p.  541. 
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ezaotly  what  Ammonite  faunas  are  found  in  the  sands  of  Somerset 
and  Dorset,  about  which  nothing  precise  was  known  a  few  years  ago. 
It  is  my  discovery  that  the  Sands  and  Cephalopod  Bed  contain  soiae- 
half-dozen  distinct  Ammonite  faunas,  which  maintain  always  the  same 
sequence,  now  proved  widely  on  the  Continent.  By  this  sequence 
I  can  date  the  different  sands  with  precision,  as  I  have  done  in 
p.  466  op.  ciL  This  is  largely  against  Wright's  "  discovery."  He 
claimed  all  the  sands  as  Lias.  I  am  able,  taking  the  arbitrary  line 
which  Wright  himself  accepted,  to  show  that  certain  of  "these 
various  sands  "  are  Lias,  and  others  Oolite.  I  can  claim  to  have 
settled  the  much-debated  question,  because  I  have  been  able  to  giv& 
the  facts — the  faunal  sequence. 

Professor  Hull  asks  where  I  '*got  hold  of  the  idea"  about  the 
comparative  thickness  of  the  Upper  Lias  at  Wotton  and  Bredon. 
Not  from  Survey  publications,  he  is  positive.  I  quote  from  '<  Geol. 
Country  around  Cheltenham"  (Mem. Geol. Sarv.,  1857,  pp.24,  25)  r 
''The  Upper  Lias  Shale  .  •  •  at  Leckhampton  Hill  .  .  . 
is  230  feet  [in  thickness]  ...  At  Cleeve  Cloud  .  .  .  300 
•  .  .  At  Bredon  Hill  •  .  •  100  feet  or  more  .  .  . 
Towards  the  south  ...  it  thins  gradually  away  to  Wotton- 
under-Edge,  where  it  is  about  10  feet  thick."  In  Sheet  44, 
Geological  Survey,  the  outcrop  of  Upper  Lias  is  300  feet,  measured 
by  the  contour-map  of  the  Ordnance  Survey.  H.  B.  Woodward 
says  :  '*  In  Gloucestershire  the  Upper  Lias  varies  from  about 
10  feet  at  Wotton-under-Edge,  to  about  ....  380  feet  at 
Bredon  Hill." » 

Professor  Hull  asserts  that  he  knew  'Hhe  sands  [G4]  of  Wotton 
with  the  clays  below  [G  3]  were  representative  in  time  of  the  Upper 
Lias  [G  3]  of  Bredon  Hill."  If  this  was  his  opinion,  why  did  he 
Bot  record  it  in  his  map  ?  If  the  value  of  G  3  changes  from  place 
to  place,  \%  is  not  consistent  mapping.  If  G  3  means  G  3  at  some 
localities,  and  G  3+G4  at  others,  who  is  able  to  interpret  the  map? 

A  plea  put  forward  during  the  discussion  of  my  paper  tried  to 
justify  the  changing  value  of  a  symbol  on  the  ground  that  it  was 
the  object  of  the  Survey  maps  to  record  lithology  for  the  guidance 
of  agriculturalists.  This  seems  to  imply  that  the  Survey  maps  were 
not  intended  to  be  geological  documents,  but  merely  charts  showing 
the  outcrop  of  the  various  clays,  sands,  or  limestones.  And  if  the 
benefit  of  agriculturalists  was  so  much  considered,  why  were  the 
Vales  of  Evesham  and  Gloucester  mapped  as  Lower  Lias  Clay,  when 
nearly  their  whole  surface  is  thickly  covered  with  sands  or  gravels  ? 
What  use  is  such  a  map  to  agriculturalists  ?  I  said  that,  for  their 
good,  the  superficial  deposits  should  have  been  mapped  first.  Pro* 
fessor  Hull  derides  this  idea:  he  implies  that  so  much  would  be 
blank.  He  forgets  that,  in  the  few  places  where  the  solid  rooka 
are  not  marked  by  technical  '  drift,'  from  the  farmers'  and  front 
a  strictly  scientific  point  of  view  the  soil  and  subsoil  are  superficial 
deposits,  whose  varying  phases  are  quite  as  capable  of  being  mapped 
as  anything  else.     There  need  have  been  no  blanks. 

1  **  Geology  of  England  and  Wales,"  2nd  ed.,  p.  276. 
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Professor  Hull  resents  the  suggestion  that  a  map  done  fifty  years- 
ago  naturally  requires  oonsiderable  modification.  Yet  that  must  be 
a  truism.  To  admit  it,  allows  one  to  offer  cordial  congratulation  on 
the  work  accomplished.  To  deny  it,  is  to  claim  superhuman  in- 
fallibility, and  to  receive  a  rude  awakening.  For  if  the  Professor 
had  studied  modern  Jurassic  literature  he  must  have  seen  many 
eases  where  tha  facts  show  the  boundaries  on  Sheet  44:  incorrect — 
oases  like  the  one  just  recorded  by  Mr.  Richardson,  that  what  is 
mapped  as  Inferior  Oolite  at  Condicote,  near  Stow,  is  Qreat  Oolite.*^ 
Then  there  are  differences  in  interpretation.  Advance  in  knowledge 
has  shown  that  boundaries  drawn  by  lithological  characters  cannot 
be  maintained ;  that  to  a  greater  extent  than  was  formerly  antici- 
pated, lithio  change  does  not  imply  sequent  deposits;  that  clay^ 
sand,  and  limestone  are  but  regional  phases  of  contemporaneous 
deposition,  not  to  be  indicated,  as  formerly,  by  sequent  symbols 
63,  04,  05,  but  to  be  marked  by  the  same  symbol  with  modi- 
ficatory additions,  say  Ag.,  Ar.,  0.  for  Argillaceous,  Arenaceous,. 
Calcareous. 

Professor  Hull's  remark  about  isprit  de  corps  is  regrettable. 
When  one  meets  Officials  out  of  office  hours,  and  especially  at 
the  rooms  of  the  Geological  Society,  one  expects  to  meet,  not  officials, 
but  scientific  men,  who  would  not  put  the  Survey  first  and  scientific 
accuracy  second,  but  who  desire,  above  all  else,  the  advancement 
of  soienoe. 


IX. — NoTS  ON  Pehioyolus  fasoiovlatus^  F.  M'Coy,  sp. 
By  G.  C.  Cmck,  F.G.S.,  of  the  British  Mufieum  (Natural  History). 

IN  1844,  in  his  "  Synopsis  of  the  Carboniferous  Fossils  of  Ireland,*' 
F.  M*Coy  described  and  figured  the  species  QoniatiiesfaBcieulatm 
(p.  13,  pi.  ii,  fig.  8),  a  Ooniatite  referable  to  the  genus  FericyeluSf 
Mojsisovics.'  The  type-specimen  is  preserved  in  the  "  Griffith 
Collection"  in  the  Museum  of  Science  and  Art,  Dublin,  and  has 
been  re-figured  (as  Pericyclus  fasciculatus)  by  Dr.  A.  H.  Foord 
in  his  "  Monograph  on  the  Carboniferous  Cephalopoda  of  Ireland  " 
(pt  iv,  1901,  pi.  xxxvii,  figs.  Sa,  h) ;  where  its  locality  is  given  as 
Millicent,  Clane,  county  of  Eildare. 

In  the  same  work  M'Coy  also  describes  the  species  Nautilus 
(Temnocheilus)  furcatus  (p.  21,  pi.  iv,  fig.  13).  The  type-specimen 
was  most  probably  from  Cork,  for  it  was  lent  to  M'Coy  by  Dr.  Haines 
of  that  pUioe,  and  judging  from  McCoy's  figure  it  was  much  distorted 
and  compressed  like  so  many  of  the  fossils  from  that  locality.  Its 
present  location  is  unknown.  Dr.  Foord  states  that  it  is  not  in  the 
"  Oriffith  Collection  "  in  the  Museum  of  Science  and  Art,  Dublin,  in 
which  many  of  M 'Coy's  types  are  contained,  but  says  that  "  the 
excellent  figure  of  it  in  the  *  Synopsis '  renders  it  easy  of  identification.*' 
Although  this  species  has  been  previously  referred  to  Mojsisovics' 

»  Gbol.  Mao..  Dec.  IV,  Vol.  X,  No.  471,  September,  1903. 

s  Abhandl.  d.  k.-k.  geol.  Beichsanst.,  Wien,  yol.  z  (1882),  p.  141. 


Digitized  by  VjOOQ  IC 


28  G.  C.  Cfick — Pencj/clus/ascieulatiia,  W  Coy. 

genus  Perteyelus,^  Dr.  Poord  has  shown  (op.  eit,  pt.  iv,  1901,  pp.  137, 
138)  that  the  specimens  described  as  P.fwreatuB  are  only  examples 
of  P.  fascieulatus  that  have  lost  the  test ;  he  has  therefore  united  the 
two  species,  adopting  McCoy's  name  fasciculaius  for  two  reasons, 
''  (i)  because  it  was  the  first  to  be  described  in  the  '  Synopsis,'  and 
(2)  because  it  shows  the  ornaments  on  the  test,  whereas  the  name 
fureatus  was  applied  merely  to  the  cast  of  the  shell." 

The  following  is  Dr.  Foord's  emended  description  of  the  species : — 

"  Shell  discoidal,  somewhat  inflated,  umbilicated ;  greatest  thick- 
ness at  the  umbilical  margin,  where  it  is  two-thirds  of  the  diameter 
of  the  shell ;  height  of  outer  whorl  two-fifths  of  the  diameter  of  the 
shell.  Whorls  not  fewer  than  five  (exact  number  not  ascertainable) ; 
inclusion  about  one-half ;  umbilicus  somewhat  less  than  one-half  of 
the  diameter  in  width,  with  subangular  margin,  deep,  partly  ex- 
posing the  inner  whorls.  Whorl  rent  form  in  section,  about  twice  as 
wide  as  high,  not  much  indented  by  the  preceding  whorl ;  periphery 
broadly  convex,  continuous  with  the  convex  sides;  inner  margin 
rather  wide,  well  defined,  very  steep. 

**  Body-chamber  occupying  at  least  one  whorl ;  aperture  not  seen. 
Chambers  of  moderate  depth;  suture-line  as  in  pi.  xxxvii,  fig.  6. 
Test  ornamented  with  strong,  rounded,  transverse  ribs,  which 
generally  begin  to  bifurcate  at  or  near  the  umbilical  mar^s^in,  the 
bifurcation  in  some  specimens  not  taking  place  till  the  middle  of  the 
side  is  reached.  The  ribs  form  a  broad,  shallow  sinus  in  crossing 
the  periphery,  the  sinus  sometimes  becoming  sharply  concave  in  the 
median  line ;  the  intervening  concave  spaces  wider  than  the  ribs. 
Covering  the  ribbing  and  interspaces  there  are  a  series  of  very 
distinct,  sharp,  raised  lines,  disposed  irregularly  as  regards  their 
distance  apart ;  on  the  ribs  about  two  of  the  lines  occupy  the  space 
of  1  mm.,  but  between  them  the  lines  are  a  little  more  spread  out. 
The  tendency  of  these  fine  ribs  to  form  bundles  is  well  marked,  and 
made  the  name  '  fasoiculatus '  given  by  M<3oy  to  the  specimen 
bearing  the  test  singularly  appropriate." 

The  reference  to  the  suture-lines  is  rather  misleading,  because  the 
figure  which  Dr.  Foord  gives  is  taken  from  an  immature  specimen, 
and  shows  neither  the  characteristic  pointed  lateral  lobe  nor  the 
existence  of  a  second  smaller  pointed  lobe  on  the  inner  area  of  the 
whorl.  These  suture-lines  are  stated  to  be  those  ''of  a  small 
specimen  where  the  diameter  of  the  shell  is  about  30  mm.,"  but  it 
correctly  drawn  they  appear  to  have  been  taken  from  the  young 
stage  of  a  rather  large  individual,  because  the  lateral  lobe  is  still 
rounded,  whereas  in  some  of  the  specimens  described  below  this  lobe 
is  distinctly  pointed  at  a  diameter  of  less  than  30  mm.  (See 
Figs.  2,  3,  and  4.)  The  suture-line  of  the  original  of  Dr.  Foord's 
pi.  xxxvii,  figs.  2a,  6,  which  is  in  the  National  Collection 
£No.  0.  6933],  is  therefore  given  in  the  accompanying  drawing 
(Fig.  1).  In  the  figure  in  the  "Catalogue  of  Fossil  Cephalopoda, 
British  Museum,"  pt.  iii,  p.  160,  fig.  71c,  the  lobe  on  the  inner 
margin  of  the  whorl  should  have  been  represented  a  little  deeper  and 
more  acute. 

1  See  Cat.  Foes.  Ceph.  British  Musemn,  pt.  iii  (1897),  p.  149. 
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M'Coy  gives  only  two  measurements  of  his  Q,  faidculatua,  tIz., 
diametor  one  inch  six  lines  [=38  mm.],  and  thickness  of  last  whorl 
eleven  lines  [=23-6  mm.],  but  according  to  Dr.  Foord's  figure  of 
the  type  -  specimen  the  other  dimensions  are : — radius,^  22*5  mm. ; 
width  of  umbilicus,  11  mm. ;  and  height  of  last  whorl,  17  mm. 
The  dimensions  otfureatuB,  examples  of  which  are,  he  says,  generally 
elliptical,  M*Coy  states  to  be  as  follows: — diameter,  two  inches 
seven  lines  [65*5  mm.]  ;  diameter  [or  height]  of  last  whorl,  thirteen 
lines  [27*5  mm.] ;  thickness,  eleven  lines  [23*5  mm.]. 


vvyv^ 


Fig.  I. — Sature-tine  of  Perieyelits  faseiculatus.  Drawn  of  the  natural  size  from 
a  spedmen  in  the  British  Museum  rSo,  C.  59331  from  the  Carboniferous 
limestone,  Clane,  co.  Kildare,  Ireland.  In  this  and  the  following  figures  the 
short  dotted  lines  crossing  the  suture-line  indicate  the  position  of  the 
umbilical  margin,  the  short  line  at  each  end  marking  the  position  of  the 
suture  of  the  shell,  or  *  line  of  involution.* 

In  his  Monograph  Dr.  Foord  gives  no  dimensions  of  the  species, 
hat  figures  four  examples.  Of  these  one  (pi.  xzxvii,  figs.  2a,  b)  is 
the  nndistorted  specimen  from  Clane  belonging  to  the  British 
Moseam  and  referred  to  below;  another  is  M'Coy's  type  of 
fa$etemlaiu$  (pi.  xxxvii,  figs.  5a,  b),  the  dimensions  of  which  are 
given  above ;  a  third  is  a  somewhat  distorted  example  from 
Midleton,  in  the  oounty  of  Cork;  whilst  the  fourth  is  a  smaller 
specimen  from  Glenbane  East,  in  the  county  of  Limerick.  For  the 
nke  of  comparison  with  the  English  examples  recorded  below  the 
dimensions  of  the  third  and  fourth  specimens  are  here  given.  The 
measorements  of  the  Midleton  specimen  are : — diameter,  65  mm. ; 
radius,  40  mm. ;  width  of  umbilicus,  21*5  mm. ;  height  of  outer 
whorl,  28'5  mm. ;  thickness  of  outer  whorl,  35*5  mm. :  those  of  the 
example  from  Glenbane  being :— diameter,  34  mm. ;  radius,  20  mm.; 
width  of  umbilicus,  10  mm. ;  height  of  outer  whorl,  14*5  mm. ; 
thickness  of  outer  whorl,  21*5  mm. 

In  Ireland,  according  to  Dr.  Foord  {op,  cit.,  pt.  iv,  1901,  p.  138), 
the  species  occurs  at  Cork,  Midleton,  Blackrock,  in  the  county  of 
Cork ;  Glenbane,  in  the  county  of  Limerick ;  and  Clane,  county  of 
Eildflffe.  The  species,  however,  is  rare  in  England;  hence  the 
foUowing  particulars  respecting  English  examples  which  have  come 
under  the  writer's  notice  may  not  be  without  interest.  In  the  list  of 
fossils  appended  to  the  Geological  Survey  memoir  on  ''  The  Geology 
of  the  Carboniferous  Limestone,  Yoredale  Bocks,  and  Millstone  Grit 
of  North  Derbyshire,"  1887,  the  species  is  recorded  from  North 
Staffordshire  (p.  182),  the  specimen  referred  to  being  from  Beeston 
Tor,  in  North  Staffordshire,  about  1  mile  east  of  Grindon,  and  now 
preserved  in  the  Museum  of  Practical  Geology,  Jermyn  Street 

Until  comparatively  recently  the  British  Museum  contained  only 
one  example  of  this  species   [No.  C.  5933]   having  the  locality 

1  A  line  drawn  fiom  the  centre  of  the  coil  to  the  periphery  of  the  shell. 
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reoorded;  this  was  from  the  Carboniferous  Limestone  of  Claney 
CO.  Eildare,  Ireland,  and  was  presented  to  the  Colleotion  by  Dr.  A.  EL 
Foord.  It  was  figured  (under  the  name  Fericydus  furcatu$)  in  the 
*'  Catalogue  of  the  Fossil  Cephalopoda  in  the  British  Museum 
(Natural  History)/'  pt  iii,  p.  150,  fig.  71,  and  has  been  re-figured 
(under  the  name  Perieydus  fasdculatus)  by  Dr.  Foord  in  his 
^'  Monograph  on  the  Carboniferous  Cephalopoda  of  Ireland,"  pt.  iy 
(1901),  pi.  xxzvii,  figs.  2a,  6,  its  suture-line  being  given  in  Fig.  1 
aooompanying  this  paper.  Its  dimensions  are : — diameter  of  shell, 
51  mm. ;  radius,  29*5  mm. ;  width  of  umbilious,  17  mm. ;  height  of 
outer  whorl,  20  mm. ;  thickness  of  outer  whorl,  35  mm. ;  height  of 
outer  whorl  above  preceding  whorl,  17  mm.  As  nearly  as  can  be 
ascertained  the  outer  whorl  bears  34  ribs.  It  lacks  the  test  and 
agrees  with  M'Coy's  type  of  furcatu$.  Besides  this,  the  National 
•Colleotion  contains  two  examples  [No.  C.  5773],  34  and  17*5  mm. 
in  diameter  respectively,  like  McCoy's  type  of  fasdeulatui^  but 
unfortunately  the  locality  whence  they  were  obtained  has  not  been 
recorded. 

In  1901,  however,  a  well-preserved  but  imperfect  example  from 
the  Carboniferous  Limestone  of  Eniveton,  2  miles  north-east  of 
Ashbourne,  Derbyshire,  was  presented  to  the  British  Museum 
[No.  C.  7961]  by  the  Rev.  F.  St.  John  Thackeray,  M.A.,  F.G.8. 
It  is  a  natural  internal  cast,  and  consists  of  the  inner  whorls  up  to 
a  diameter  of  about  22  mm.  that  are  entirely  septate,  and  of  about 
one-half  of  the  succeeding  whorl,  which  is  about  40  mm.  in  diameter, 
and  belongs  to  the  body-chamber.  At  its  greatest  diameter,  40  mm., 
the  other  dimensions  appear  to  have  been  : — radius,  23  mm. ;  width 
of  umbilicus,  14  mm. ;  height  of  outer  whorl,  14  mm. ;  thickness  of 
outer  whorl,  27  mm.  There  are  eighteen  or  nineteen  ribs  in  the  last 
half-whorl.  At  a  position  on  the  inner  whorls  where  the  shell  has 
a  radius  of  9  mm.  the  suture-line  is  displayed  on  both  the  peripheral 
area  and  the  umbilical  margin,  and  somewhat  less  clearly  on  the  inner 
area  or  umbilical  zone  of  the  whorl.  It  is  represented  in  the 
accompanying  figure.    Compared  with  "  the  suture-lines  of  a  small 


•aAA/^ 


Fio.  2. — Suture-line  of  JPerieyclut  faseiculatus.  Drawn  of  the  natural  size  from 
a  specimen  (where  radius  is  9  mm.)  in  the  British  Museum  [No.  C.  7961] 
from  the  Carboniferous  Limestone,  BJUTeton,  2  miles  N.E.  of  Ashbourne, 
Derbyshire. 

specimen  where  the  diameter  of  the  shell  is  about  30  mm.,*'  giyen  by 
Dr.  Foord  {op,  ci7.,  pi.  xxxvii,  fig.  6),  we  note  in  the  present  specimen 
that  where  the  radius  is  only  about  10  mm.  and  the  diameter  therefore 
not  more  than  about  18  mm.,  the  sides  of  the  external  lobe  are  more 
nearly  parallel,  the  external  saddle  is  rounder,  the  lateral  lobe  is  even 
at  this  diameter  distinctly  pointed,  whilst  a  pointed,  acutely  V-shapei 
lobe  is  present  on  the  inner  area  or  umbilical  zone  of  the  whorl.  No 
such  lobe  as  the  last-mentioned  is  indicated  in  Dr.  Foord's  figure,  but 
it  may  be  that  the  short  line  at  each  end  of  the  suture-line  is  intended 
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to  denote  tbe  position  of  the  umbilioal  margin,  and  not  that  of  the 
*  line  of  iQYolntion/  or,  as  it  is  generally  termed,  the  *  suture  of  the 
ebeU.* 

Besides  four  specimens  from  Irish  localities — two  from  Ireland, 
bat  locality  uncertain ;  one  from  Limerick ;  and  one  from  Eildare — 
the  Museum  of  Practical  G^logy  contains  two  English  examples, 
one  being  the  specimen  from  Beeston  Tor,  1  mile  east  of  Grindon,  in 
North  Staffordshire,  already  referred  to,  and  the  other  from  near 
Matlock,  in  Derbyshire.' 

The  Beeston  Tor  specimen  [No.  8860]  is  a  small  natural  internal 
oa9t  bearing  portions  of  the  test  in  a  very  eroded  condition.  Its 
dimensions  are  : — diameter  of  shell,  20  mm. ;  radius,  12  mm. ;  width 
of  umbilicus,  about  7  mm. ;  height  of  outer  whorl,  6*5  mm. ;  thick- 
ness of  outer  whorl,  16  mm.;  height  of  the  outer  whorl  above  pre- 
oeding,  (?).  There  are  about  30  ribs  in  the  outer  whorl,  the  last 
half-whorl  bearing  14.  The  specimen  does  not  appear  to  be  at  all 
crushed,  bat,  as  will  be  seen  from  its  dimensions,  it  is  relatively 
thicker  than  any  of  the  other  examples.  The  suture-lines  are  not 
shown. 

The  example  from  near  Matlock  [No.  6696]  is  also  a  natural 
internal  cast ;  besides  the  outer  whorl,  which  is  a  little  imperfect  on 
one  side,  about  a  quarter  of  the  penultimate  whorl  is  displayed,  the 
rest  of  the  inner  whorls  being  probably  present,  thoujs^h  occluded  by 
matrix.  Its  dimensions  are : — diameter  of  shell,  32  mm. ;  radius, 
18  mm. ;  width  of  umbilicus,  12  mm. ;  height  of  outer  whorl,  12  mm. ; 
thickness  of  outer  whorl,  21mm.;  height  of  outer  whorl  above 
preceding,  about  9  mm.  There  are  34  ribs  in  the  outer  whori. 
A  little  less  than  one-half  of  the  outer  whorl  is  occupied  by  the 
body -chamber ;  several  suture-lines  are  well  displayed ;  the  last  is 
represented  in  the  accompanying  figure.    This  specimen  is  relatively 
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Pio.  3. — Sntore-line  of  Periet/elus  fatcieulatM.  Drawn  of  the  natural  size  from 
tiie  last  septom  of  an  example  (at  a  radius  of  13*5  mm.)  in  the  Museum  of 
Practical  Geology  [No.  6696]  from  the  Carboniferous  limestone,  near 
Matlock,  Derbyshire. 

thinner  than  the  Beeston  example,  for  at  a  radius  equal   to  the 
greatest  radius  of  that  specimen  this  shell  is  only  13  mm.  thick. 

llirough  the  kindness  of  Dr.  Wheelton  Hind  I  have  been  able  to 
examine  two  examples  in  his  collection  that  came  from  Bradboume, 
about  2  miles  north  of  Kniveton,  Derbyshire.  Both  are  internal  casts. 
One  is  a  fairly  well  preserved  cast  of  the  outer  whorl,  with  the  inner 
whorls  present,  although  broken  on  one  side  and  obscured  by  matrix 
on  the  other ;  it  has  the  following  dimensions  : — diameter,  34-5  mm. ; 
radius,  20mm.;  width  of  umbilicus,  16*5 mm.;  height  of  outer 
whorl,  11-0  mm. ;  thickness  of  outer  whorl,  21*5  mm. ;  height  of 
outer  wborl  above  preceding  whorl,  9  mm.     About  five-sixths  of  the 

*  My  best  thanks  are  due  to  Mr.  £.  T.  Newton,  F.B.S.,  for  the  facilities  giyen  me 
to  eiamme  these  fossils. 
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last  whorl  is  oocopied  by  the  body-ohamber ;  the  last  three  suture- 
lines  are  clearly  visible  at  the  oommeDoement  of  the  outer  whorl 
(see  aooompanying  figure).  Towards  the  anterior  end  of  the  body- 
chamber  one  side  of  the  shell  bears  traces  of  an  injury  during  the 
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Fio.  4. — Suture-line  of  Perieyelus  faaeieulatm.  Drawn  of  the  natural  size  from 
the  last  septum  (at  a  radius  of  13'5  mm.)  of  an  example  in  the  collection  of 
Dr.  Wheelton  Hind,  from  the  Carboniferous  Limestone  of  Bradboume,  about 
2  miles  north  of  Kniveton,  Derbyshire. 

life  of  the  animal  that  has  interfered  somewhat  with  the  regular 
sculpturing  of  the  shell,  but  the  original  number  of  the  ribs  crossing 
the  periphery  can  be  ascertained  to  be  36.  As  will  be  seen  from  the 
dimensions,  this  specimen  is  more  widely  umbilicated  than  th» 
example  from  Eniveton. 

The  other  specimen  consists  of  about  one-half  of  the  outer  whorl 
of  a  rather  more  finely  sculptured  example  of  about  the  sam& 
diameter  as  the  fossil  just  described,  that  has  been  distorted  into  an 
elliptical  form.  It  exhibits  no  septa,  and  most  likely  formed  part  of 
the  body -chamber ;  the  ribbing  is  a  little  irregular  at  the  anterior 
part  of  the  specimen,  but  in  the  half-whorl  there  appear  to  have 
been  about  22  ribs  on  the  central  portion  of  the  peripheral  area. 

The  following  table  enables  the  type-specimen  of  M*Coy,  the 
British  Museum  example  from  Olane,  and  the  English  examples 
referred  to  in  the  present  paper  to  be  more  readily  compared  with 
one  another,  the  specimens  being  arranged  according  to  their 
respective  diameters.  (i)  is  the  example  from  Beeston  in  the 
Museum  of  Practical  Qeology  [No.  8860] ;  (ii),  the  specimen  from 
near  Matlock  in  the  same  collection  [No.  6696]  ;  (iii),  the  nearly 
complete  example  from  Bradbourne  in  the  collection  of  Dr.  Wheeltoa 
Hind ;  (iv),  M'Coy's  type-specimen  of  *  G.' faseieulatus  in  the  Museum 
of  Science  and  Art,  Dublin ;  (v),  the  specimen  from  Eniveton  in  the 
British  Museum  Collection  [No.  0.  7961]  ;  (vi),  the  example  from 
Glane  in  the  same  collection  [No.  G.  5933].  The  measurements  are 
in  millimetres. 


Diameter  of  shell 

Badius  of  shell  

Width  of  umbilicus  

Height  of  outer  whorl  ... 
Thinness  of  outer  whorl 
Height  of  outer  whorl 
above  preceding  whorl. 
No.  of  ribs  in  outer  whorl 


i 

ii 

iii 

iv 

V 

20     (100) 

12     (60-0) 

7     (35-0) 

6-5  (32-6) 

16     (80-0) 

32  (100) 
18  (56-2) 
12  (37-5) 
12  (37-6) 
21  (66-6) 

34-6  (100) 
20     (57-9) 
16-5  (47-8) 
11      (31-8) 
21-6  (62-8) 

38     (100) 
22-5  (59-2) 
11      (28-9) 
17     (44-7) 
23-5  (61-8) 

40  (100) 
23  (57-6) 
14  (85-0) 
14  (85-0) 
27  (67-5) 

? 
e.ZO 

r.9(28-l) 
34 

9     (26-0) 
36 

P 
C.33P 

? 
36 

VI 

51      (100) 
29-5  (57-8) 
17     (33-3) 
20     (39-2J 
36     <68-6> 


(33 -a) 


From  the  above  table  of  measurements,  it  will  at  once  be  seen, 
firstly,  that  the  Beeston  example  is  relatively  thicker  than  the  others, 
and  secondly,  that  there  is  some  irregularity  in  the  height  of  the 
outer  whorl  and  of  the  width  of  the  umbilicus  in  specimens  iii  and  iv. 
In  iii  (Dr.  Wheelton  Hind's  specimen  from  Bradbourne)  the  umbilicus 
seems  to  be  relatively  wider  and  the  height  of  the  whorl  narrower 
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than  usual,  whereas  the  reverse  is  the  case  ia  iv  (McCoy's  type- 
specimen  of  •  GJ*  fa$eiculatw).  The  former  does  not  appear  to  bo 
distorted,  and  is  therefore  a  more  evolute  form  than  the  rest,  bat  in 
the  absence  of  other  similar  specimens  it  is  provisionally  at  least 
indaded  in  M'Coy's  species.  M 'Coy's  specimen  is  distorted,  and  the 
irre^larity  noted  may  be  due  to  this  distortion,  for,  jndging  from 
Dr.  Foord's  figure  of  the  fossil  (pi.  xxxvii,  fig.  6a),  the  anterior 
extremity  of  the  outer  whorl  appears  to  be  abnormally  high.  It  may 
be  mentioned  that  the  examples  of  the  species  figured  by  Dr.  Foord 
differ  considerably  in  their  relative  dimensions. 

The  English  localities,  then,  of  Perieyclus  fascictdatus,  so  far  as 
kno^vn  to  the  present  writer,  are  confined  to  the  western  part  of 
Derbyshire  and  the  adjoining  part  of  Staffordshire.  They  are : — (i) 
near  Matlock,  Derbyshire  ;  (ii)  Eniveton,  2  miles  north-east  of 
Ashbourne,  Derbyshire;  (iii)  Bradboorne,  about  2  miles  north  of 
Kniveton  and  about  10  miles  south-west  of  Matlock,  Derbyshire; 
and  (iv)  Beeston  Tor,  in  North  StaiOfordshire,  about  1  mile  east  of 
Grind  on  and  about  7  miles  west  of  Bradbourne. 
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On  the  Ignkoits  Rooks  of  the  Bebwyns.      By  T.  H.  Cope  and 

J.   LOMAS.^ 

OWING  to  cross  folding  a  dome-like  structure  has  been  impressed 
on  the  Berwyns.  From  the  axis  which  lies  about  Llanrhaiadr- 
yn-Mochnant  and  Craig-y-Glyn  the  beds  dip  outwards  on  every  side. 
The  arch  of  the  dome  has  been  denuded,  so  that  we  get  shales  and 
limestones  of  Llandeilo  age  occupying  the  central  area,  while  slates, 
grits,  and  limestone  of  Bala  age  form  an  almost  continuous  ring  of 
hills  on  the  margins. 

Igneous  rocks  are  associated  with  the  sedimentaries.  Three  bands 
in  the  peripheral  series  can  be  traced  continuously  for  a  distance  of 
thirty  miles  from  the  Mountain  Limestone  beds  which  overlap  the 
series  on  the  east,  through  the  hills  above  Corwen  and  Bala  to  the 
Vymwy  watershed.  A  fourth  band  also  occurs  in  this  series  about 
Llanarmon. 

In  the  central  area  other  igneous  rocks  are  exposed,  generally  of 
a  more  acid  type. 

The  igneous  series  have  been  regarded  as  contemporaneous 
volcanic  ashes,  and  recorded  as  such  in  the  Survey  maps.  We  have 
failed  to  find  any  instance  of  undoubted  contemporaneous  action,  and 
regard  all  the  igneous  as  intrusive.  In  places  they  are  seen  to  cut 
across  the  sedimentaries  at  right  angles  to  the  strike. 

In  this  paper  we  only  deal  with  a  small  part  of  the  peripheral 
series  as  displayed  about  Llansantffraid-Glyn-Ceiriog  where  the  river 
Ceiriog  in  cutting  a  deep  gorge  across  the  strike  of  the  beds  has 
exposed  magnificent  sections. 

'  Abstract  of  a  paper  read  before  the  British  Associatioii,  Soutbport,  Section  0 
Geology),  September,  1903.' 
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Sheet  No.  1. — The  ouiermost  bed  is  well  seen  in  the  quarries  at 
Ooed-y-Glyn,  on  the  west  side  of  the  valley,  and  in  a  small  cutting 
on  the  hillside  on  the  east  side.  It  is  45  feet  thick  on  the  level  of 
the  road,  but  thins  out  rapidly  to  the  north,  as  at  a  short  distance 
away  it  only  measures  28  feet.  Baked  slates  lie  in  contact  on  both 
its  upper  and  lower  surfaces. 

The  rock  consists  of  a  felted  aggregate  of  felspar  microliths,  and  is 
aphanitio  in  texture.  The  upper  margin  for  5  feet  and  the  lower 
part  for  2  feet  are  amygdaloidal.  Near  the  upper  surface  the  micro- 
scope reveals  flow-brecciation,  broken  fragments  of  the  rock  lying  in 
a  bond  of  grey  translucent  chalcedony. 

Sheet  No.  2. — This  band,  about  165  feet  thick,  has  been  quarried 
extensively  on  the  face  of  the  steep  crags  overlooking  Pandy,  at  Cae 
Deicws,  and  in  the  large  quarry  opposite  Coed-y-Glyn.  Indurated 
slates  and  grits  border  the  sill  on  both  surfaces,  and  large  masses  of 
slate  occur  as  inclusions.  A  band  of  white  rock  of  very  varying 
thickness  occupies  the  middle,  which  under  the  microscope  shows 
large  idiomorphic  quartz  and  orthoclase  felspar  crystals  in  a  felsitic 
ground-mass.  The  margins  are  intensely  sheared,  grey  in  colour, 
and  include  a  great  number  of  slate  and  limestone  fragments  along 
with  angular  pieces  of  the  white  uncleaved  central  portion. 

Sheet  No.  3. — This  sheet  is  well  seen  in  Coed  Errwgerrig,  and  can 
be  traced  across  the  bed  of  the  river  to  the  east  side  of  the  valley  at 
Cwm  Clwyd.  While  the  main  mass  resembles  Sheet  No.  2  in  com- 
position, it  includes  fragments  of  quartz  felsite,  felsite  breccias,  and 
nodular  rhyolites  arranged  in  parallel  bands. 

It  is  190  feet  thick,  and  has  caused  intense  metamorphic  action  on 
the  grits  above  and  slates  below. 

Sheet  No.  4  is  best  seen  at  Hendre  Quarry,  where  it  is  worked 
extensively,  and  locally  known  as  the  Glyn  '  Granite.* 

It  is  an  analcite-diabase,  96  feet  thick,  of  coarse  texture  in  the 
middle  and  finer  grained  towards  the  margins.  The  slates  in  contact 
are  converted  into  compact  spotted  slate. 

Intrusions  of  similar  age  and  almost  identical  character  have  been 
described  from  Counties  Donegal,  Armagh,  Wicklow,  and  other  parts 
of  Ireland,  and  a  close  parallelism  can  be  drawn  between  these 
rocks  and  those  in  the  Berwyns.  The  intrusions  of  Sheets  Nos.  1,  2, 
and  3  probably  date  from  the  interval  between  the  deposition  of  the 
Bala  series  and  the  overlying  slates  and  grits  of  Wenlock  age.  No.  4 
may  be  of  a  later  date. 
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1. — ^Thb  Palaontogbaphioal  SOOIITY. 

THIS  Society,  founded  in  1847  for  the  pablication  of  monographs 
on  British  fossils,  has  just  completed  its  fifty-seventh  volume, 
for  1903,  which  is  now  being  issued  to  subscribers.  It  is  one  of 
the  largest  and  most  varied  volumes  hitherto  published  by  the 
Society,  and  is  illustrated  with  no  less  than  48  plates.     It  contains 
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iastalments  of  six  mooographs  devoted  to  Fiahes,  MolluBca,  Trilo- 
bites,  and  Graptolites.  The  seoood  part  of  Dr.  Smith  Woodward's 
Monograph  of  Chalk  Fishes  resembles  the  first  part  in  being  illoa- 
t  rated  by  explanatory  restored  sketches  in  addition  to  the  usuail 
lithographs  of  fossils.  Mr.  Woods  completes  the  first  volume  of 
^ia  Cretaceous  Lamellibranchia ;  and  Dr.  Wheelton  Hind  finishes  his 
Monograph  of  Carboniferous  Lamellibranohiata,  apart  from  a  brief 
Appendix  which  is  to  appear  in  1904.  Dr.  A.  H.  Foord  is  to  be 
-oongratolated  on  finishing  his  important  Monograph  of  the  Car- 
boniferous Cephalopoda  of  Ireland ;  and  subscribers  will  express 
the  hope  that  he  may  soon  supplement  it  by  another  volume  treating 
of  the  similar  fossils  of  Great  Britain.  Mr.  Cowper  Keed  begins 
«  new  Monograph  of  the  Lower  PalaBOzoio  Trilobites  of  Girvan, 
which  are  very  numerous,  though  for  the  most  part  fragmentary. 
The  Misses  Elles  and  Wood  contribute  another  valuable  section  of 
their  Monograph  of  British  Graptolites,  the  descriptive  portion  this 
year  relating  to  the  family  Leptograptidae.  The  Annual  Report  of 
the  Society  is  now  prefixed  to  the  volume,  and  from  it  we  learn  that 
during  the  year  ended  31st  March,  1903,  there  was  a  serious 
reduction  in  the  income.  New  subscribers  are  needed  to  replace 
many  recent  losses  by  death,  and  we  commend  the  Palsdontographical 
Society's  guinea*8-worth  to  the  notice  of  all  geologists  who  are  not 
yet  acquaiuted  with  it.  The  Secretary  of  the  Society,  from  whom 
all  information  may  be  obtained,  is  Dr.  A.  Smith  Woodward,  British 
Museum  (Natural  History),  South  Kensington,  London,  S.W. 


II.— Memoibs  of  thb  Geological  Survey  :   England  and  Wales. 

1. — The  Geology  of  the  Country  near  Chichester.  (Explanation  of 
Sheet  317.)  By  Clement  Reid,  F.R.S.,  F.G.S.,  etc.;  with 
contributions  by  G.  W.  Lamplugh,  F.G.S.,  and  A.  J.  Jukes- 
Bbowhe,  F.G.S.  8vo;  pp.  iv  and  62,  paper  cover ;  price  1«.  1903. 
Colour-printed  sheet,  No.  317,  price  la.  6(2.  (separately  sold). 

2.— The  Geology  of  the  Country  around  Torquay.  (Explanation  of 
Sheet  360.)  By  W.  A.  E.  Ussher,  F.G.S.  8vo  ;  pp.  iv  and 
142;  paper  cover,  price  2«.  1903.  [The  map  (New  Series, 
No.  360)  was  published  in  1898 ;  the  present  memoir  is  issued 
as  an  explanation  of  that  map.] 

1. — The  publications  of  the  Geological  Survey  of  England  and 
Wales  again  claim  our  attention,  the  first  of  the  present  series 
relating  to  the  country  near  Chichester.  This  memoir  takes  in  an 
area  of  216  square  miles,  all  in  the  county  of  Sussex,  and  includes 
a  large  tract  of  the  South  Downs,  which  presents  a  bold  escarpment 
of  Chalk  stretching  from  east  to  west  and  fronting  to  the  north, 
•overlooking  the  great  Wealden  area,  a  portion  only  of  which  is 
I  represented  on  the  map  (Sheet  317).     It  embraces  the  picturesque 

I  regions  of  Midhurst,  Petworth,  and  Pulborough,  on  the  north,  and 

the  low-lying  fertile  tracts  of  drift-gravel  and  brickearth  on  the 
touth.     The  Chalk  Down  descends  gradually  southwards  to  a  low 
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leTel,  and  forms  a  syncline  in  the  hollow  of  which  Lower  Eocene 
strata  are  preserved.  On  the  sooth  the  Downs  usually  end  in 
a  lower  bluff  which  marks  the  position  of  an  ancient,  partly 
obliterated  sea-cliff,  and  below  this  is  a  flat  coastal  plain  which 
extends  continuously  to  the  sea. 

One  river  of  importance,  the  Arun,  traverses  the  country  fromr 
north  to  south,  and  with  its  tributaries  drains  about  two-thirds 
of  the  area.  Over  the  remaining  area  most  of  the  water  escapes 
by  underground  courses  to  the  Lavant,  or  drains  into  small  streama 
which  reach  the  sea  near  Bognor,  and  at  Pagham  Harbour— where 
a  submarine  forest  has  been  observed,  and  a  deposit  of  Scrohicularia 
clay  occurs — since  reclaimed. 

Within  the  area  lies  the  ancient  town  of  Chichester,  with  its 
cathedral  and  its  seven  churches  and  other  ancient  relics;  Arundel, 
with  its  castle  (both  giving  titles  to  earldoms) ;  with  several  other 
towns,  and  numerous  villages.  All  through  this  district  the 
population  has  taken  up  its  abode  where  water  was  easily  obtainable, 
no  place  of  importance  lying  on  the  Weald  Clay  or  Gault,  nor  on 
the  high  Downs,  where  water  can  only  be  obtained  by  means  of 
deep  wells. 

Most  of  the  district  is  devoted  to  agriculture  and  to  sheep  pasture, 
but  also  contains  much  woodland — beech  on  the  Downs  and  oak  in 
the  Weald. 

The  Weald  Clay  forms  wet  and  rather  poor  land,  much  of  it 
being  laid  down  in  pasture.  In  former  times  it  was  extensively 
covered  with  forests  (called  hursts),  hence  the  suffix  to  the  names 
of  many  towns,  as  Penshurst,  Staple/iur«<,  Widhurst,  etc.  It  was 
termed  'Oak-tree  Clay'  by  William  Smith,  although  the  term 
was  more  generally  used  by  Smith  for  the  Kimeridge  Clay,  but 
sometimes  also  for  the  Gault.  The  oak  was  chiefly  used  in 
obtaining  charcoal  for  the  old  iron  furnaces  once  common  in  the 
Weald.  The  ironstone  was  largely  smelted,  particularly  in  the 
western  part  of  the  area  (H.  B.  Woodward's  Geology,  pp.  363-364)- 
Of  course,  with  the  introduction  of  coal  for  iron -smelting  the  very 
limited  production  of  the  highly  superior  charcoal-made  Sussex  iron 
ceased  as  an  industry,  and  neither  mines  nor  manufactures  any 
longer  exist  within  the  district. 

The  once  famous  *  Petworth '  or  *  Sussex  Marble,'  *  a  fresh- water 
limestone  composed  almost  entirely  of  two  or  more  species  of  Paludina, 
P.  sussexiensis  and  P.  fluviorum,  appears  to  be  no  longer  worked. 
It  was  extensively  used  in  ecclesiastical  buildings,  monuments,  and 
altar-pieces  in  medisaval  times.  Some  of  the  recumbent  figures 
of  Knights  Templar  in  Winchelsea  Church  are  carved  out  of 
Petworth  marble. 

The  formations  represented  on  Sheet  317  embrace  Recent  Alluvial 
deposits ;  Pleistocene,  Brickearths,  Gravels,  Flint-rubble,  Clay  with 
Flints  (overlying  the  Chalk) ;  Eocene,  comprising  London  Clay, 
Pebble  Beds,  and  Reading  Beds ;  Upper  Cretaceous  Series,  Upper^ 

'  Known  altm  as  *  Bethersden  Marble '  and  *  Lauo-hton  Stone.' 
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Middle,  and  Lower  Chalk ;  SelborniaD,  Upper  Oreensand,  and  Gkult ; 
Lower  Oretaceous  or  Lower  Greensand,  Folkestone  Beds,  Sandgate 
Beds,  Hythe  Beds,  Atherfield  Clay,  and  lastly  the  Weald  Clay. 

Nothing  is  yet  known  about  the  strata  which  underlie  the  Weald 
Clay ;  bat  as  far  as  can  be  judged  from  neighbouring  areas,  a  great 
thickness  of  Lower  Cretaceous  and  Jurassic  rocks  would  be  met 
with.  It  is  not  probable  that  any  minerals  worth  mining  occur 
within  several  thousand  feet  of  the  surface. 

Figures  of  fossils  from  the  Gault,  the  Lower  Chalk,  the  Middle 
and  the  Upper  Chalk  are  given  in  the  text,  together  with  lists 
of  fossils  aad  sections.  Two  sections  north  and  south  across  the 
area  (1)  from  Easeboume  across  Heyshott  Down  (745  feet)  and 
Goodwood  Baoeoourse  (542  feet)  to  Rumboldswyke,  and  (2)  from 
Broadford  Bridge  across  Eithurst  Hill  (700  feet)  to  Highdown 
Hill  (266  feet),  form  the  frontispiece  to  this  little  memoir,  which  is 
olearly  written,  but  less  interesting  geologically  than  one  would 
have  expected,  considering  its  well-marked  physiography.  The 
colour- printed  geological  map  is  extremely  well  executed  and  clear. 

Referring  to  some  of  the  steep  slopes  of  the  Lower  Chalk  (p.  22), 
Mr.  Clement  Reid  observes  :  *'  Some  parts  of  the  slopes  are  too  steep 
for  cultivation,  and  are  clothed,  and  seem  always  to  have  been 
clothed,  with  ancient  hanging  woods,  locally  known  as  '  hangers,' 
principally  of  beech,  with  some  undergrowth  of  holly  and  hazel. 
So  little  of  the  primasval  forest  is  anywhere  left  in  Sussex,  except 
on  the  heavy  clay  lands  of  the  Weald,  that  it  is  interesting  to  find 
these  small  outliers  still  remaining.  They  contain  rare  woodland 
animals  and  plants,  such  as  one  does  not  find  in  the  forests  of  the 
Weald.  Among  the  mollusca  both  Helix  ohvoluta  and  Clamilia 
Bolphii  are  to  be  found,  and  among  the  plants  Solomon's  seal  and 
Herb- Paris.  In  one  of  these  woods  the  zigzag  connecting  the  Roman 
Stone  Street  with  the  lowlands  is  well  seen." 

2. — Mr.  W.  A.  E.  Ussher,  the  author  of  the  present  Explanatory 
Memoir,  has  had  the  advantage  of  following  in  the  footsteps  of 
one  of  our  most  able  and  distinguished  of  early  Devonian  geologists, 
R.  A.  C.  God  win- Austen,  whose  map  appeared  in  1840.  Another 
able  worker,  Dr.  Holl,  brought  out  a  map  in  1868,  with  some 
additional  details,  and  he  was  followed  a  few  years  later  by 
Mr.  Arthur  Champernowne,  who  commenced  a  careful  survey  of 
the  neighbourhood  of  Totnes.  Mr.  Horace  B.  Woodward,  at  Torquay, 
and  Mr.  Ussher,  at  Paignton,  commenced  the  official  re-examination 
of  the  district  in  1874-75. 

Mr.  Champernowne,  shortly  before  his  death,  generously  handed 
over  the  results  of  his  geological  labours  to  the  Survey,  and  to 
Mr.  Ussher  was  entrusted  the  task  of  embodying  these  results  in 
the  official  publications. 

The  new  map  (Sheet  350)  was  published  in  1898,  and  the  present 
memoir  is  issued  as  an  explanation  of  that  map. 

ITie  district  is  one  of  esfceptional  difficulty  owing  to  the  want  of 
persistence  in  well-marked  lithological  horizons,  and  to  stratigraphical 
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oomplications  of  a  most  intricate  character,  due  to  folding  and 
fiaalting.  Mach  detailed  work  was  therefore  necessary  before  even 
the  broader  tectonic  features  could  be  deciphered. 

The  three  main  divisions  of  the  Devonian  formation  have  now^ 
been  made  out  and  their  boundaries  ascertained  with  approximate 
accuracy,  and  brought  into  line  with  their  Oontinental  equivalents. 

Seventeen  sections  in  the  text  serve  to  illustrate  the  numerous 
faults,  folds,  and  contortions  which  the  Devonian  series  of  Torquay 
have  undergone,  and  graphically  express  the  difficulties  in  tracing 
out  and  mapping  this  varied  and  complicated  area.  The  annexed 
table  may  serve  to  show  the  several  subdivisions  which  are  recognised, 
together  with  their  foreign  equivalents  and  localities  (see  p.  38). 

The  author  furnishes  lists  of  fossils  from  Lummaton  (pp.  66-68), 
and  refers  to  the  Rev.  G.  F.  Whidborne's  monograph  on  the  Devonian 
Fauna  (Pal.  Soc.  Mon.)  for  authorities.  Summarised,  they  show: 
TrilobitalT,  Phyllocarida  1,  Ostraooda9,  Entomides  2,  Cephalopoda 
16,  Gasteropoda  48,  Lamellibranchiata  30,  Brachiopoda  72,  Disoina  1, 
Crania  1,  Bryozoa  14,  Echinodermata  10.  In  chapter  vii,  under 
Post-Tertiary  and  Recent  Deposits  (p.  13),  there  is  given  a  summary 
of  cavern  deposits,  including  the  historic  caves  of  Kent's  Hole, 
Torquay,  and  Brixham  Cave.  Lists  of  the  animals  discovered  are 
given,  and,  under  the  account  of  the  Raised  Beaches,  carefully 
prepared  lists  of  the  Molluscs. 

There  are  no  economics  to  deal  with  in  this  area  beyond  Building- 
stones,  Road-metal,  and  Ornamental  Marble  works  in  which  slabs 
of  Devonian  Coral  limestone  are  chiefly  employed,  good  examples 
of  which  may  be  seen  in  the  Survey  Museum  and  the  Geological 
Oalleiy  of  the  Natural  History  Museum  in  Cromwell  Road. 

The  six-inch  maps  of  this  area  have  been  deposited  in  the  Survey 
Office  for  reference,  and  copies  may  be  obtained  at  cost  price. 
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I. — Geoloqioal  Sooibty  of  London. 

November  18th,  1903.  — Sir  Archibald  Geikie,  D.  Sc,  P.R.S., 
Vice-President,  in  the  Chair.  The  following  communications 
were  read : — 

1.  '<  Notes  on  some  Upper  Jurassic  Ammonites,  with  special 
reference  to  Specimens  in  the  University  Museum,  Oxford."  By 
Miss  Maud  Healey.  (Communicated  by  Professor  W.  J.  Sollas, 
M.A.,  D.Sc.,  LL.D.,  F.R.S.,  F.G.S.) 

In  the  course  of  rearranging  the  Upper  Jurassic  fossils  in  the 
Oxford  University  Museum,  the  attention  of  the  authoress  has  been 
called  to  the  large  amount  of  prevailing  misconception  with  regard  to 
Sowerby's  species  Ammonites  plicaUUs  and  Am,  biplex.  The  type- 
specimen  of  Perisphinetei  plieatili$  (Sow.)  is  refigured  and  described. 
It  is  in  the  form  of  a  cast,  but  only  an  indefinite  statement  exists  as 
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to  the  locality  from  which  it  was  derived.  It  appears  to  be  an  Upper 
Corallian  form,  and  is  usually  taken  as  the  zone-fossil  of  that  horizon. 
Sowerby*8  two  figures  of  Ferisphinctes  biplex  represent  diflferent 
specimens,  one  of  which  is  dismissed  from  consideration.  The  other, 
probably  from  a  Kimmeridge  Clay  nodule  found  in  the  Suffolk  Drift, 
is  refigured  and  described.  The  authoress  considers  that  it  would 
be  wisest  to  abandon  the  name  altogether,  or  at  least  to  restrict  it  to 
the  abnormal  specimen  to  which  it  was  first  attached.  The  original 
specimen  of  Ferisphinctes  varioeostatus  (Buckland).came  from  the 
so-called  Oxford  Clay  at  Hawnes,  4  miles  south  of  Bedford ;  but  the 
authoress  gives  evidence  in  favour  of  her  belief  that  it  was  really 
derived  from  the  Ampthill  Clay.  Sowerby's  Ammonites  rotundus  is 
the  last  species  figured,  and  it  is  doubtfully  identified  as  a  variety  of 
Olco$iephanu$  Pallasianus  (D*Orb.).  It  was  derived  from  the 
Kimmeridge  Clay  of  Chippinghurst,  6^  miles  south  of  Oxford,  and 
is  the  zone-fossil  of  the  Upper  Kimmeridge  Clay. 

2.  '*  On  the  occurrence  of^desttts  in  the  Coal-measures  of  Britain.^ 
By  Edwin  Tulley  Newton,  Esq.,  F.R.S.,  V.P.G.S.* 

This  genus  was  originally  described  from  the  United  States,  and 
was  afterwards  recognized  in  beds  of  similar  age  in  Russia  and 
Australia.  The  genus  was  afterwards  placed  with  EeUcoprion  and 
Campyloprion  in  the  family  Edestidsd.  The  specimen  described  in 
the  present  paper  was  obtained  by  Mr.  J.  Pringle  from  one  of  the 
marine  bands  which  occurs  between  the  'Twist  Coal'  and  the 
'  Gin  Mine  Coal,'  in  the  Smallthorn  sinking  of  Messrs.  Robert 
Heath  &  Son's  pits  at  Nettlebank  (North  Staffordshire).  Several 
other  marine  bands,  chiefly  met  with  during  the  sinking  of  shafts  in 
this  coalfield,  have  been  studied  by  Mr.  J.  T.  Stobbs,  who  called  the 
attention  of  the  Geological  Survey  to  the  exposure  from  which  this 
specimen  was  obtained.  The  specimen  is  a  single  segment  of  a 
fossil  very  closely  resembling  EdeUus  minor,  and  consists  of  an 
elongated  basal  portion,  bearing  at  one  extremity  a  smoothed, 
enamelled,  and  serrated  crown.  A  description  of  the  fossil  shows 
that  it  is  not  to  be  referred  to  any  existing  species,  and  a  new  name 
is  given  to  it.  While  it  seems  most  in  accordance  with  present 
knowledge  to  regard  the  '  spiral  saw  *  of  Helieoprion  as  the  enrolled, 
symphysial  dentition  of  an  Elasmobranch,  possibly  allied  to  the 
Gestracionts,  it  does  not  seem  nearly  so  probable  that  the  forms 
referred  to  Edestus  are  of  the  same  nature.  In  the  opinion  of  the 
author  the  latter  are  more  likely  to  be  dorsal  defences.  The  paper 
concludes  with  a  bibliography  of  the  subject 


II.— Royal  Microsgopioal  Society. 

At  the  ordinary  meeting  on  December  16th,  1903,  Dr.  Henry 
Woodward,  F.R.S.,  President,  in  the  chair,  the  following  paper 
was  read : — 

»  Communicated  by  permission  of  the  Director  of  H.M.  Geological  Surrey. 
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"  On  the  Struotare  and  Affinities  of  the  genua  Porosphara,  Stein- 
tnann."  Bj  Dr.  G-  J.  Hinde,  F.R.S.  The  well-known  rounded  and 
thinible-ihaped  fossils,  of  common  occurrence  in  the  Chalk  of  this 
country,  which  were  named  and  figured  as  MiUeporal  glohidaris 
and  LuauUtes  urceolata  by  the  late  Professor  John  Phillips,  have 
been,  by  different  authors,  referred  alternately  to  Foraminifera, 
Sili'oeons  Sponges,  and  Cydostomate  Polyzoa.  In  1878  the  first- 
named  species  was  placed  by  Dr.  Stein mann  as  the  type  of 
a  separate  genus  of  the  Hydrocorallina,  which  he  named  Poroaphara, 
and  its  structure  was  stated  to  resemble  that  of  Millepora  and 
Parkeria.  From  an  examination  of  2,900  specimens  collected  by 
Dr.  A.  W.  Howe  and  by  the  author  from  the  different  zones  of  the 
English  Chalk,  and  of  a  singularly  perfect  specimen  in  flint 
discovered  by  Mr.  H.  Muller,  it  has  been  ascertained  that  the 
anastomosing  fibi-es  of  Porosphara  are  composed  of  four -rayed 
spicules  which  are  fused  together  so  as  to  form  a  firm,  strong 
skeleton.  In  the  form  of  the  spicules  and  in  their  mode  of  union 
there  is  the  closest  resemblance  to  those  of  Plectroninia,  Hinde, 
from  the  Eocene  Tertiary  of  Victoria,  Australia,  and  to  the  recent 
Petrostroma,  Doderlein,  from  the  Japanese  Sea,  and  with  these 
genera  Porosphara  belongs  to  the  Lithonine  group  of  Caloisponges. 
The  author  further  discovered  fragments  of  an  outer  spicular  crust  or 
dermal  layer  on  a  very  few  specimens,  which  consisted  of  delicate, 
simple,  rod-like,  and  three-rayed  spicules,  irregularly  agglomerated, 
but  not  fused  together.  It  is  probable  that  a  similar  crust  was 
originally  present  in  all  the  forms,  though  it  has  now  to  a  large 
extent  been  removed. 

Hie  following  species  were  recognized  and  described :  P.  glohu- 
laris,  Phill.,  P.  nuciformis,  von  Hagenow,  P.  Woodwardi,  Carter, 
P.  pileolus,  P.  patelliformis,  sp.n.,  and  P.  arrecta,  sp.n.  The  relative 
distribution  and  the  range  of  size  of  each  of  these  forms  in  the 
respective  zones  of  the  English  Chalk  are  also  given. 


III.  —  MiKiBALOGiOAL  SooiBTY,  November  17th,  1903. — 
Dr.  Hngo  Miiller,  F.R.S.,  President,  in  the  chair.  Mr.  B.  H. 
Solly  gave  a  detailed  description  of  various  minerals  from  the 
Binnenthal,  five  of  which  had  not  been  identified  with  existing 
species.  These  five  minerals  all  contain  lead,  arsenic,  and  sulphur, 
but  sufficient  material  for  complete  analyses  has  not  yet  been 
obtained.  Three  of  them  are  red  transparent  minerals  having  each 
one  perfect  cleavage  and  a  similar  vermilion  streak,  but  differing 
crystallographically :  one  is  apparently  orthorhombic  with  (100), 
(110)  =  39°  16',  (010),  (Oil)  =  62°  67',  and  (001),  (101)  -  42°  43' ; 
another  is  oblique  with  ^  =  78°  46',  (100),  (101)  =  42°  22',  and 
(010),  (111)  =  37°  3';  while  the  third  has  a  zone  at  right  angles  to 
the  perfect  cleavage  with  angles  of  approximately  30°  and  60°.  The 
other  two  minerals,  which  could  not  be  identified  with  any  of  the 
other  sulpharsenites  of  lead  previously  described  by  the  author,  are 
black  with  metallic  lustre.     One  of  these  is  oblique  with  y3  =  81°  11', 
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(100),  (101) -40°  r,  (010),  (111)  =55°  26':  it  has  a  perfect 
oleavage  (100),  and  like  Liveingite  exhibits  no  oblique  striations  on 
the  planes  in  the  Bone  [100,  001].  The  other  mineral  is  also 
obliqne  with  /8  -  89°  40',  (100),  (101)  -  46°  18',  and  (010), 
(111)  -  59°  56':  it  has  a  perfect  oleavage  (100),  and  like  Rathite 
exhibits  numerous  oblique  striations  on  the  planes  in  the  zone 
[100,  001],  On  fine  brilliant  crystals  of  Sartorite  recently  obtained 
by  the  author  he  has  been  able  to  confirm  the  oblique  symmetry 
which  he  had  previously  announoed  and  to  determine  accurately  the 
elements /3  =-  88°  31',  (100),  (101)  =  64° 45',  (010).  (Ill)  -  69°62J'. 
Amongst  other  specimens  from  the  dolomite  of  the  Lengenbach  in 
the  Binnenthal,  the  author  exhibited  and  described  peculiar  rounded 
crystals  of  Galena  resembling  Seligmannite,  Hyalophane  crystals 
twinned  according  to  the  Carlsbad  law  and  showing  three  new 
forms,  a  green  mica  which  was  determined  to  be  anorthic,  Albita 
and  Biotite,  minerals  which  have  not  been  hitherto  recorded  from 
the  locality,  and  Barytes  in  green  crystals.  Of  specimens  from  the 
Ofeiihorn,  the  author  exhibited  some  remarkably  fine  crystals  of 
Anatase,  and  crystals  of  Laumontite,  a  mineral  new  to  the  locality. — 
Mr.  L.  J.  Spencer  described  crystals  of  Adamite  from  Chili,  which 
were  remarkable  for  their  strong  pleochroism. — Mr.  G.  F.  Herbert 
Smith  discussed  the  prismatic  method  of  determining  indices  of 
refraction.  From  observations  of  the  angles  of  incidence  and 
deviation  the  refractive  index  and  direction  of  the  wave-front  in  the 
crystalline  medium  could  be  found.  By  using  pairs  of  faces  in  the 
same  zone  aud  different  angles  of  incidence  a  series  of  refractive 
indices  is  obtained,  which,  when  plotted  with  the  direction  angle  as 
ordinate,  gives  in  general  a  double  curve.  Three  of  the  critical 
values  are  the  principal  indices,  the  fourth  corresponding  to  the 
direction  parallel  to  the  zone-axis.  The  angles  of  polarisation  with 
respect  to  the  zone-axis  provide  a  means  of  discriminating  between 
the  doubtful  values.  A  description  was  given  of  an  inverted 
goniometer  whereby  observations  could  be  made  in  media  other 
than  air. 


OBITTJ.A.ie."Z"- 


ROBERT    ETHERIDGE,    F.R.S.  L.  &  E.,    F.G.S. 

BoaN  December  3,  1819.  Died  Deqembbb  18,  1903. 

In  the  closing  days  of  the  old  year  another  veteran  geologist  has 
laid  aside  his  hammer  and  gone  to  his  rest,  working  up  to  the  very 
last  of  his  long  and  active  life  at  his  favourite  science. 

The  name  of  Robert  Etheridge  is  well  known  to  all  the  older 
geologists,  and,  until  bis  retirement  from  the  public  service  on  the 
8l8t  December,  1891,  he  had  been  a  familiar  figure  for  84  years  in 
the  London  geological  world,  24  of  which  he  was  one  of  the 
Palasontologists  to  the  Geological  Survey  and  Museum  in  Jermyn 
Street,  while  for  ten  years  he  was  attached  to  the  British  Museum 
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(Nataral  History),  Cromwell  Boad,  as  Assistant  Keeper  of  Geology. 
To  the  readers  of  the  Gkolooioal  Magazins  his  name  must  have 
Y)een  very  familiar,  having  appeared  on  the  cover  as  one  of  the 
Assistant  Editors  since  the  1st  July,  1865,  a  period  of  39  years. 

Mr.  Etheridge  was  a  Herefordshire  man,  having  been  bom  at  Ross 
on  3rd  DecemW,  1819. 

His  public  career  may  be  said  to  have  commenced  with  his^ 
appointment  in  1850  as  Curator  to  the  Museum  of  the  Philosophical 
Society  in  Bristol,  an  office  which  he  held  with  distinction  for  seven 
years.  During  five  years  of  this  period  he  also  occupied  the  post  of 
Lecturer  in  Botany  in  the  Bristol  Medical  School,  then  a  highly 
esteemed  centre  of  medical  instruction.  He  was  besides  a  frequent 
lecturer  on  Geology  and  Palawntology  in  the  Bristol  Philosophical 
Institution.  In  1856,  when  paying  a  visit  to  the  Earl  of  Ducie,  who- 
is  himself  an  excellent  geologist,  Mr.  Etheridge  was  introduced  to 
Sir  Roderick  1.  Murchison,  then  Director  General  of  the  Geological 
Survey  of  Great  Britain,  as  a  promising  geologist  deserving  of  a 
more  important  post  than  Bristol  could  offer  bim,  and  in  the  following 
year  (Ist  July,  1867)  Etheridge,  through  Murchison's  interest,  was 
appointed  to  the  Geological  Survey  as  Assistant  Palsdontologist 
nnder  J.  W.  Salter  in  the  Museum  of  Practical  Geology. 

During  the  24  years  in  which  he  was  attached  to  the  Survey^ 
Mr.  Etheridge  travelled  over  a  very  large  portion  of  the  United 
Kingdom  in  assisting  the  younger  Surveyors  in  their  work  in  the 
field  by  means  of  his  palseontological  knowledge.  He  prepared 
numerous  Palaeontological  Reports  and  Lists  of  Fossils  to  accompany 
&e  Memoirs  of  the  Geological  Survey  upon  various  parts  of 
Ungland  and  Wales ;  he  also  wrote  a  Report  on  the  Palaeontology 
of  Jamaica.  For  fifteen  years  he  gave  demonstrations  annually  in 
Palaeontology  to  the  students  of  the  Royal  School  of  Mines,  at  that 
time  attached  to  the  Museum  of  Practical  Geology,  Jermyn  Street. 
"With  the  assistance  of  his  colleague,  Mr.  George  Sharman,  he 
rearranged  the  entire  Palaeontological  Collection,  and  prepared 
a  catalogue  of  the  specimens  which  was  published  with  a  preface  by 
Professor  Huxley. 

Mr.  Etheridge  contributed  numerous  papers  to  the  Geological 
Society  of  London,  which  appeared  in  the  Quarterly  Journal  of 
that  Society  from  1863  to  1889;  the  most  important  being  his 
memoir  •*  On  the  Physical  Structure  of  North  Devon,"  being  a  defence 
of  the  unity  of  the  Devonian  system,  which  had  been  disputed  by 
Professor  J.  Beete- Jukes.  It  occupied  200  closely  printed  pages 
of  the  Journal,  with  lists  of  all  the  known  fossils  as  well  as  of 
those  personally  collected  in  the  field  during  an  examination  of 
the  North  Devon  area,  extending  over  several  months. 

He  prepared  a  description  of  the  Palaeozoic  and  Mesozoic  fossils 
of  Queensland,  Australia,  1872,  collected  by  Mr.  R.  Daintree,  F.G.S., 
and  later  on,  in  1878,  of  the  fossils  brought  home  by  the  Arctic 
JBxpedition  under  Captain  Sir  George  Nares,  R.N.,  which  formed 
a  most  important  addition  to  our  knowledge  of  the  palaeontology  of 
ibe  Polar  lands. 


Digitized  by  VjOOQ  IC 


44      Obituary— Robert  Etheridge,  RR.8.  L.  8f  JS.,  F.G.S. 

When  President,  Mr.  Etheridge  delivered  two  most  valoahle 
addresses  to  the  Geologioal  Society  of  London,  that  in  1881 "  On  the 
Distribution  of  British  Palseozoio  Fossils,"  and  in  1882  ''On  the 
Distribation  of  British  Jurassic  Fossils." 

His  other  papers  include  descriptions  of  British  Oolitic  and 
Liassio  Mollusca  (1863)  ;  Jurassic  Fossils  of  the  Himalayas  (1864); 
the  EbsBtic  beds  and  sections  (1865-66) ;  Geology  of  the  Bristol 
Ooal-Basin  (1866) ;  the  Stratigraphical  position  of  Irish  Laby- 
rinthodonts  (1866-67)  ;  the  Geologioal  position  of  the  Bristol 
Conglomerate  (1870)  ;  a  new  species  of  Echinoid  from  North 
Africa  (1872) ;  the  Geology  of  the  Watchet  Area  (1873)  ;  a  Table 
of  British  Fossils,  in  Lyell  (1874);  Fossil  Plants  from  Kosloo, 
Black  Sea  (1877)  ;  some  New  Tertiary  Mollusca  from  Brazil 
<1879)  ;  on  Lepidotus  maximus  (1889). 

Probably  the  most  important  of  Mr.  Etheridge's  labours  has  been 
the  preparation  of  a  Catalogue  of  the  Fossils  of  the  British  Isles, 
stratigraphically  and  zoologically  arranged  —  published  by  the 
Clarendon  Press,  Oxford,  1888  (4to,  pp.  468)— of  which  it  is  to  be 
regretted  that  only  vol.  i,  comprising  the  Palsoozoic  fossils,  has  ever 
appeared,  vols,  ii  and  iii  being  still  in  manuscript,  although  com- 
pleted up  to  1888.  In  this  work  the  author  has  catalogued  18,000 
epecies  of  fossils. 

Mr.  Etheridge  was  elected  a  Fellow  of  the  Geological  Society  of 
London  in  1864,  and  served  on  the  Council  from  1863  to  1868, 
from  1872  to  1878,  and  from  1880  to  1883.  He  was  elected 
President  in  1880,  and  held  the  office  until  February,  1882.  He 
received  the  Award  of  the  Wollaston  Fund  from  the  Geological 
Society  in  1871,  and  the  Murchison  Medal  and  Fund  in  1880. 

Mr.  Etheridge  was  President  of  Section  C  (Geology)  at  the  Meeting 
of  the  British  Association,  Southampton,  1882. 

He  became  a  Fellow  of  the  Royal  Society  of  Edinburgh  in  1855, 
and  of  the  Royal  Society,  London,  in  1871,  and  served  on  the 
Council  of  the  latter  Society  in  1884. 

In  1890  he  was  elected  an  Honorary  Fellow  of  King's  College, 
London. 

He  has  served  on  the  Council  of  the  Palaeontographical  Society 
for  many  years,  and  was  made  Treasurer  in  1880^  an  office  he 
retained  up  to  the  time  of  his  death. 

On  the  20th  October,  1881,  Mr.  Etheridge's  services  were  trans- 
ferred, with  the  sanction  of  the  Treasury,  from  the  Geological 
Survey  and  Museum  to  the  British  Museum  (Natural  History), 
where,  in  association  with  his  friend  Dr.  Henry  Woodward,  F.R.S., 
the  Keeper  of  the  Department  of  Geology,  he  occupied  the  post  of 
Assistant  Keeper  for  ten  years.  One  of  the  most  interesting  pieces 
of  work  which  Mr.  Etheridge  accomplished  was  the  preparation  of 
a  Stratigraphical  Collection  to  illustrate  by  sections,  maps,  and 
specimens  all  the  British  sedimentary  rocks.  This  is  exhibited 
in  Gallery  XI,  and  is  much  valued  by  students  of  geology. 

Mr.  Etheridge  was  always  distinguished  by  his  courtesy  and  his 
readiness  to  impart  scientific  information  to  students  and  the  public 
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at  large,  and  he  was  greatly  esteemed  as  an  officer  in  tbe  Museum, 
whilst  his  energy  and  activity  of  disposition  enabled  him  to  accomplish 
a  very  large  amount  of  scientific  work  daily. 

He  retired  from  office  at  the  end  of  1891  (under  Clause  X  of  the 
Order  in  Council  of  15th  August,  1890).  He  continued,  however, 
to  be  employed  by  the  Trustees  until  the  3l8t  March,  1893,  when 
tbe  Treasury  vetoed  any  further  engagement.  A  year  later,  on  the 
26th  April,  1894,  his  old  colleagues  and  friends,  to  the  number  of 
85,  gave  him  a  complimentary  dinner  at  the  Imperial  Institute,  the 
chair  being  taken  by  Sir  William  Flower,  K.C.B.,  the  Director  of 
the  Mnsenm  of  Natural  History. 

In  1896  he  was  presented  with  the  first  Bolitho  gold  medal  by 
the  Boyal  Geological  Society  of  Cornwall  in  recognition  of  his 
distinguished  services  to  geology,  especially  in  the  Western  Counties. 
Bat  his  retirement  from  office  by  no  means  retarded  his  scientific 
work,  for  he  continued  independently  to  pursue  his  geological  and 
palseontological  labours  up  to  the  close. 

He  devoted  much  of  his  time  during  the  last  twelve  years  to  the 
duties  of  Consulting  Geologist  to  the  Dover  Coal  Boring,  and 
patiently  and  accurately  recorded  foot  by  foot  every  core  and  sample 
of  material  brought  to  bank  by  the  engineers.  Many  of  these  speci- 
mens are  deposited  in  the  Geological  Department,  British  Museum 
(Natural  History),  where  he  continued  to  carry  on  his  researches  up 
to  tbe  end.  He  was  deeply  interested  in  the  Coal  Commission, 
was  a  well-known  authority  on  the  Bristol  Coalfield  and  on  that 
of  tbe  Kentish  and  the  Franco -Belgian  area,  which  he  had 
carefully  studied.  In  1897  he  read  a  paper  before  the  Engineering 
Conference  on  "  The  Kent  Coalfield,"  in  which  he  affirmed  his 
belief  in  the  existence  of  an  extensive  and  valuable  coalfield  in  the 
Sonth-East  of  England  or  near  Dover,  and  explained  its  relation  to 
the  coalfields  of  the  South-West  of  England  (Bristol  and  Somerset), 
and  to  those  of  the  North  of  France  and  Belgium.  He  made 
excursions  to  Belgium,  Germany,  and  Austria,  examined  the  volcanic 
phenomena  of  the  Auvergne  and  of  the  Eifel  districts,  and  wrote 
a  short  account  of  his  visit  to  Central  France. 

He  was  an  authority  upon  water-supply,  and  was  frequently 
associated  with  the  late  Mr.  Hawksley  and  his  son,  Mr.  Charles 
Hawksley,  M.I.C.E.,  and  other  eminent  Civil  Engineers,  in  con- 
nection with  supplies  for  Bristol,  Plymouth,  London,  and  other 
large  centres  of  population. 

Mr.  Etheridge  was  author  of  a  Report,  dated  22nd  June,  1857,  on 
Thames  Mud  and  Thames  Water,  being  based  upon  a  microscopic 
examination  of  eighteen  samples  of  mud  and  detrital  deposits  and 
two  or  more  samples  of  water  taken  from  the  Eiver  Thames ;  giving 
a  detailed  account  of  each  sample,  both  for  the  living  organisms, 
the  oi^nio  matter  in  a  state  of  decomposition,  and  the  inorganic 
mineral  residuum ;  issued  as  Appendix  II  to  Report  relating  to 
the  Main  Drainage  of  the  Metropolis  (folio,  pp.  61-72).  Ordered  ta 
be  pn'nted  by  the  House  of  Commons,  3rd  August,  1857. 
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He  was  also  engaged  to  prepare  Maps  and  Sections,  and  to  give 
evidence  before  the  ''Bo^al  Oommission  on  Goal"  (13th  March, 
1868)  in  relation  to  the  Somersetshire  Coalfield,  and  especially  in 
reference  to  the  probability  of  finding  coal  under  the  Permian,  New 
Bed  Sandstone,  and  other  superincumbent  strata.  [See  Report  of 
the  Royal  Commission  on  Coal,  vol.  i,  pp.  419-422  (D.  7-10), 
folio;  1871.] 

He  leaves  an  only  son,  Mr.  Robert  Etheridge,  jun.,  who  has 
occupied  the  post  of  Curator  of  the  Australian  Museum,  Sydney, 
N.S.W.,  since  1887,  and  was  from  1879  to  1887  an  Assistant 
under  Dr.  H.  Woodward,  F.R.S.,  in  the  British  Natural  History 
Museum,  London,  and  previously  on  the  Geological  Survey  of 
Scotland,  with  Sir  A.  Geikie,  F.R.S.  Like  his  father,  Mr.  Robert 
Etheridge,  jun.,  is  a  distinguished  palseontologist  and  geologist,  and 
commenced  his  career  as  one  of  the  stafif  of  the  Geological  Survey 
of  Victoria,  Australia,  under  the  late  Dr.  A.  R.  C.  Selwyn,  F.R.S. 

Among  his  other  literary  labours  it  may  be  mentioned  that 
Mr.  Etheridge  greatly  assisted  Dr.  J.  J.  Bigsby,  F.R.S.,  F.G.S.,  in  the 
preparation  of  his  great  works  (see  author's  prefaces  to  works) — 
(a)  "Thesaurus  Siluricus,"  1868,  4to,  pp.  268;  (6)  ** Thesaurus 
Devonico-Carboniferus,"  4to,  1878,  pp.  450.  He  edited  the  third 
edition  of  Part  i  of  "Illustrations  of  the  Geology  of  Yorkshire,"  4to, 
1875,  pp.  X  and  354,  by  Professor  John  Phillips,  F.R.S.,  who  died 
24th  April,  1874.  He  also  assisted  Mr.  J.  W.  Lowry  to  construct 
his  Chart  of  Characteristic  British  Tertiary  Fossils,  stratigraphically 
arranged ;  London,  E.  Stanford,  1866. 

Mr.  Robert  Etheridge  was  a  Corresponding  Member  of  the  Imperial 
Institute  of  Vienna,  an  Honorary  Member  of  the  Geological  Society 
of  Belgium,  of  the  New  Zealand  Institute,  the  Royal  Geological 
Society  of  Cornwall,  the  Philosophical  Societies  of  Yorkshire  and 
Bristol,  the  Geologists'  Association,  the  Norwich  Geological  Society 
(since  defunct),  the  Cotteswold  Naturalists'  Field  Club,  of  the 
Hertfordshire  Natural  History  Society,  the  Dorset  Natural  History 
and  Antiquarian  Field  Club,  and  the  Northamptonshire  Naturtd 
History  Society  and  Field  Club. 

A  severe  cold  and  an  attack  of  bronchitis  terminated  his  busy  and 
useful  life  after  a  brief  illness  of  three  days. 

List  op  Titles  op  Works  and  Memoirs  by  Robert  Etheridge, 
F.R.S.  L.  &  E.,  F.G.S. 

1.  **  Oeology ;  its  Eelation  and  Bearing  upon  Mining."   (Lectures,  Bristol  Mining 

School.)     8vo;  Bristol,  1859. 

2.  "  Descriptions  of  new  species  of  Mollusca,  etc."  [Cet'omf/a  gibbosa,  AstarU 

dentilabntm,  and  FoUicipet  liasticua]  :    Quart.  Joum.  Geol.  Soc.,  vol.  xz 
(1864),  pp.  112-114. 

3.  *'  Note  on  the  Jurassic  Fossils  collected  by  Captain  Godwin- Austen "  [in  the 

N.W.  Himalayas] :  Quart.  Joum.  Geol.  Soc.,  vol.  xx  (I864)^p.  387-388. 

4.  **  On  the  Rhaetic  or  Avicula  contorta  Beds  at  Garden  Cliff,  Westbury-upon- 

Sevem,  Gloucestershire  " :  Proc.  Cotteswold  Club,  vol.  iii  (1865),  pp.  218-234. 

5.  **  A  Catalogue  of  the  Collection  of  Fossils  in  the  Museum  of  Practical  Geolog^y, 

Jermyn  Street."     (Preface  by  Professor  Huxley,  pp.  i-lxxix.)    Catalogue, 
pp.  1-382.     8vo.     1866. 
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€.  *'  Os  the  Palffiontolo^  of  the  Caribbean  Area,"  being  Appendix  Y  to  the 

Geol<i|7  of  Jamaica,  by  Jas.  G.  Sawkins,  F.G.S..  1866.    8vo ;  pp.  306-339. 

(Pabheiied  as  a  Colonial  Memoir  of  the  Geological  Surrey.) 
7.  '<  SectioB  of  the  Rhstic  fieds  at  Aust  Cliff  "  ;  Proc.  Cotteswold  Club  (1866), 

pp.  13-18. 
«.  *'  On  the  Physical  Btmcture  of  the  Northern  Part  of  the  Bristol  Coal-Basin, 

chiefly  having:  reference  to  the  Iron  Ores  of  the  Tortworth  Area " :  Proc. 

Cotteswold  Club  (1866),  pp.  28-49. 
9.  *'  On  the  DiscoveiT  of  several  new  Labyrinthodont  Reptiles  in  the  Coal-measuiet 

of  Ireland" :  Geol.  Mao.,  Vol.  Ill  (1866),  pp.  4-6. 

10.  **  On  the  Stratigraphical  Position  of  Aeanthopholis  horridus,  Huxley  "  :  Gbol. 

Mao.,  VoL  IV  (1867),  pp.  67-69. 

11.  *•  On  the  Physical  Structure  of  North  Devon,  and  on  the  Palasontological  Value 

of  the  Devonian  Fossils":  Quart.  Joum.  Geol.  Soc.,  vol.  xxiii  (1867), 
pp.  251-252,  abstract,  (full  text)  568-698 ;  Phil.  Mag.,  vol.  xxxiv  (1867), 
pp.  317-318. 

12.  **  Supposed  Permian  Beds  at  Portskewet":   Proc.  Cotteswold  Club,  vol.  iv 

(1868),  pp.  256-258. 

13.  *'  On  the  Geological  Position  and  Geographical  Distribution  of  the  Reptilian  or 

Dolomitic  Conglomerate  of  the  Bristol  Area"  :  Quart.  Jouro.  Geol.  Soc., 
voL  ixvi  (1870),  pp.  174-191 ;  Phil.  Mag.,  vol.  xi  (1870),  pp.  136-137. 

14.  ''DeMription  of  a  new  genus   {RotuUnde^  of  Fossil   Scutelloid  Eohinoderm 

from  Saife,  N.  Africa":  Quart.  Joum.  Geol.  Soc.,  vol.  xxviii  (1872), 
pp.  97-101. 

15.  **  Description  of  the  Palajozoic  and  Mesozoic  Fossils  of  Queensland  " :  Quart. 

Joum.  Geol.  Soc.,  vol.  xxviii  (1872),  pp.  317-850,  pis.  xiii-xxviii. 

16.  "  On  the  Rha>tic  Beds  of  Penarth  and  Lavemock*' :  Trans.  Cardiff  Nat.  Soc., 

voL  ni  (1872),  pp.  39-64. 

17.  **  Notes  upon  the  Physical  Stmcture  of  the  Watchet  Area,  and  the  Relation  of 

the  Secondary  Rocks  to  the  Devonian  Series  of  West  Somerset":  Proc. 
Cotteswold  Club,  vol.  vi  (1873),  pp.  35-49. 

18.  "  Table  of  British  Fossils  illustrative  of  the  Successive  Appearance  and  Develop- 

ment in  Time  of  the  Chief  Orders,  Classes,  or  Families  of  Animals  and  Plants 
in  Britain  " :  pp.  623-645.  Printed  as  a  Supplement  to  Sir  Charles  Lyell's 
Students*  Elements  of  Geology,  2nd  ed.,  1874 ;  3rd  ed.,  1878. 

19.  Appendix.    [Meeozoic  fossils  foimd  by  the  Rev.  J.  £.  Cross  in  N.W.  Lincoln- 

shire.]   Quart.  Joum.  Geol.  Soc.,  vol.  xxxi  (1875),  pp.  126-129. 
20.  *' Notes  on  the  Fossil  Plants  from  Kosloo"  [Bkck  SeaJ:  Quart.  Joum.  Geol. 

Soc.,  voL  xxxiii  (1877),  pp.  532-533. 
31.  "  Palaontology  of  the  Coasts  of  the  Arctic  Lands  visited  by  the  late  British 

Expedition  under  Capt.  Sir  George  Nares,  K.C.B." :    Quart.  Joum.  Geol. 

Soc.,  vol.  xxxiv  (1878),  pp.  568-636,  pis.  xxv-xiix. 
22.  '*  Notes  on  the  MoUusca  collected  by  C.  Barrington  Brown,  Esq.,  from  the 

Tertiary  Deposits  of  the  Solimoes  and  the  Javary  Rivers,  Brazil" :  Quart. 

Joum.  Geol.  Soc.,  vol.  xxxv  (1879),  pp.  82-88,  pi.  vii. 
1Z.  Presideatial  Address  to  tiie  Geological  Society  of  London,  Feb.  18,  1881,  ''On 

the  Analysis  and  Distribution  of  the  British  Paheozoic  Fossils "  :    Quart. 

Joiun.  Geol.  Soo.,  vol.  xxxvii  (1881),  Proceedings,  pp.  37-235. 
24.  "  On  a  New  Species  of  Trigonia  from  the  Purbeck  Beds  of  the  Vale  of  Wardour  " : 

Qnart  Joum.  Geol.  Soc.,  vol.  xxxvii  (1881),  pp.  246-248. 
^.    Appendix.    [Nematophycui  HiekniJ]    Quart.  Joum.  Geol.  Soc.,  vol.  xxxvii 

(1881),  pp.  490-495. 

26.  Presidential  Address  to  the  Geological  Society  of  London,  Feb.  17,  1882,  <*  On 

the  AnalyriB  and  Distribution  of  the  British  Jurassic  Fossils  "  :  Quart.  Joum. 
Geol.  Soc.,  vol.  xxxviii  (1882),  Proceedings,  pp.  46-236. 

27.  Prendential  Address  to  the  Geological  Section  of  the  British  Association,  South- 

ampton, August  23,  1882. 

28.  *'  Stnticranhiad  Geology  and  Palaeontology  "  (being  a  new  and  revised  edition 

ni   Ilull^'s  ManuaC  entirely    rewritten).     1885.     8vo;    pp.   712,  with 
S3  plates. 
:29.  "  FossiiB  of  the  British  Islands,  Stratigraphically  and  Zoologically  arranged  "  : 
voL  i  (1888),  Palatozoic  Species.    4to ;  pp.  viii  and  468. 
Yol.  ii,  Mesocoic,  and  voL  iu,  Cainozoic,  completed,  but  still  in  manuscript. 
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30.  (With  Mr.  H.  Willett)  **  On  the  Dentition  of  Lepidotu$  maximm  (Wa^er)^ 

as  illustrated  hy  specimens  from  the  Kimeridge  Clav  of  Shotover  Hill,  near 
Oxford** :  Quart.  Joum.  Geol.  Soc.,  vol.  xlv  (1889)',  pp.  356-358,  pi.  xt.  , 

31.  Letter  on  Dr.  Wheelton  Hind's  Oarhoniferous  I^mellihrauchiata :  Geol.  Mao., 

Dec.  IV,  Vol.  IV  (1897),  p.  94. 

32.  **  On  the  Eelation  between  the  Dover  and  Franco- Belgian  Coal  Basins'* :  Rep. 

Brit.  Assoc,  for  1899  (1900),  pp.  730-734. 

Geological    Survey    Memoirs    to   which   Mr.    Etheridge    has 

CONTRIBUTED   THE   PaL-«0NT0L06Y. 

1.  1858.    Geology  of  parts  of  "Wilts  and  Gloucestershire  (Sheet  34).    Lu«ts  ol  Fossil* 

by  R.  Etheridge. 

2.  1859.    Geolog\-  around  Woodstock,   Oxon   (Sheet  45).      List  of  Fossils   by 

R.  Etheridge. 

3.  1860.     Geologv  of   part  of   T^icestershire  (Sheet  63).      IJst  of    Fossils   by 

R.  Etheridge. 

4.  1861.     Geolog\-  of  part  of  Northampton  and  Warwick  (Sheet  53).     List  of 

Fossils  bv  R.  Etheridge. 
6.  1862.     Geology  of    the    Isle    of    Wight    (Sheet   10).      List    of    Fossils    by 
R.  Etheridge. 

6.  1862.    Geology  of  part  of  Berks  and  Hants  (Sheet  12).     Lists  of  Fossils  by 

R.  Etheridge. 

7.  1864.     Geology  of  Banbur)',  Woodstock,  etc.  (Sheet  45).     Lists  of  Fossils  by 

R.  Etheridge. 

8.  1875.     Geologj-  of  the  Burnley  Coalfield  (Sheets  88,  89,  and  92).     Table  of 

Fossils  by  R.  Etheridge. 

9.  1875.    The  Geolog>-  of  the  Weald,  by  W.  Topley,  F.G.S.,  etc.     Lists  of  Fossils. 

bv  R.  Etheridge.' 

10.  1875.     The   Geologj-   of  Rutland,  by  J.  W.   Judd,   F.G.S.     Appendix   and 

Tables  of  Fossils  ty  R.  Etheridge. 

11.  1876.     Geology-  of  East  Somerset,  by  H.  B.  Woodward,  F.G.S.    Lists  of  FoBsils^ 

by  R.  Etheridge. 

12.  1876.     Geolog)'  of  the  I^ke  District,  by  J.  C.  Waixi,  F.G.S.     Appendix  on 

New  Species*  of  Fossils  bv  R.  Etheridge*. 

13.  1877.     Superficial  Geology'  of  South- West  I^ncashu^,  by  C.  E.  De  Ranee, 

F.G.S.     IJsts  of  Fossils  revised  by  R.  Etheridge. 

14.  1878.     Catalogue  of  the  Cambrian  and  Silurian   Fossils  in  the  Museum  of 

Practical  Geology  (the  **  Wyatt-Ed^ell  Collection  **).     **  The  specimens  have 
been  named  by  Mr.  Etheridge,  F.R.S.,   Pala?dntologi8t  to  the  Geological 
Survev.**     The  Catalogue  drawn  up  by  Mr.  E.  T.  Newton,  F.G.S. 
16.  1880.     Oeoloffv  of  the   South  of   Scarborough   (Sheet  95).      List  of   FossiL* 
reWsed  by  K.  Etheridge. 

16.  1881.     Geolofify  of  the  Country  round  Non^-ich  (Sheet  66).     Lists  of  Fossils 

revised  by  II .  Etheridge. 

17.  1881.     Geology  of  the  Oolitic  and  Liassic  Rocks,  Malton.     Lists  of  Fossils 

revised  by  11.  Etheridge. 

18.  1881.    Geologvof  the  Neighbourhood  of  Cambridge.    Paltrontological  Appendix 

bv  R.  Etheridge. 

19.  188i.     Geologv'  of  North  Wales,  by  A.  C.  Ramsav,  F.R.S.  (second  edition). 

J.  W.  Salter's  Ap]>endix  on  the  Fossils,  revisea  and  greatly  enlarged  bv 
R.  Etheridge  (pp.  351-567). 

Note. — Although,  owing  to  Mr.  Etberidge's  death  having  occurred 
80  very  near  before  Christmas,  the  Publishers  were  prevented  from 
issuing  a  portrait  of  him  in  this  (January)  Number,  yet  his  friends 
will,  we  feel  sure,  be  glad  to  be  informed  that  an  excellent  and, 
as  yet,  unpublished  photograph  of  him—quite  lately  taken  by 
Miss  Constance  E.  Power  (daughter  of  Edward  Power,  Esq.,  one 
of  Mr.  Etberidge's  oldest  and  most  valued  friends) — will  appear 
in  the  February  Number  of  the  Geological  Magazine. — H.  W. 
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]  TOLOGY  IN  THE   LAST  FORTT  YbABS.' 

ART   II.) 

0  progress  there  are  always  special 

*  along  the  road  by  which  we  travel, 
)ur  journey.     Zitfcel,  in  his  •*  History 

*  jfixes  the  *  heroior  period  *  from  1790 
ters  of  our  science,  Werner,  Pallas, 
Yiliiam  Smith,  Leopold  von  Buch, 
%.  Brongniart,  and  Guvier  arose  and 

mt  from  1820  to  the  close  of  the 

oken  line  of  advance  in  geology  and 

the  case.     Special  events  of  scientific 

»  the  arrival  of  reinforcements,  have 

couragemeiit.     The  establishment  of 

itry,  in  America,  and  on  the  Continent 

Qpiilse  to  such  investigations,  as  did 

;ical  Society  of  London  and  its  publi- 

the  British  Association  in  1830,  and 

3ach  Natural  Science  in  our  great 

ad  encouraged  a  very  large  number 

geological  field.    Nor  must  we  forget 

19  of  Sedgwick,  Buckland,  Murohison, 

y,  Geikie,  and  maay  others,  produced 

ime  under  their  influence. 

wide  -  spreading  impulse  given  to 

investigations  was  undoubtedly  due 

Darwin  of  his  *'  Origin  of  Species,'^ 

le  introduction  of  the  doctrine  of  'the 

variation  of  species,'  which  the  older  naturalists  had  never  admitted, 

having  always  treated  them  as  permanent  and  immutable  ideas. 

Only  those  of  us  who  have  lived  through  the  period  between  1858 

and  1878  can  folly  realize  the  vast  and  radical  change  in  the  current 

'  Part  I,  of  "  A  Retrospect  of  Geology,"  appeared  in  our  January  number,  1904^ 
pp.  1-6. — ^Eorr.  Gsol.  Mao. 
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of  soientifio  thought  whioh  was  brought  about  in  the  minds  of  men 
by  Darwin's  teaching.  In  making  a  retrospect  of  the  work  recorded 
in  this  journal  from  1864  to  the  present  time,  the  evolution  of 
geological  and  paladontological  ideas  is  most  marked,  and  it  is  no 
small  gratification  to  feel  that  the  Qboloqioal  Magazine  has  been 
enabled  to  incorporate  in  its  pages  so  much  valuable  material  in  aid 
of  the  progress  of  both  these  sciences. 

As  has  been  stated  in  the  earlier  part  of  this  Retrospect,  the 
Oboloqioal  Maqazimb  has  had  the  satisfaction  of  publishing  articles 
from  a  large  number  of  early  and  celebrated  geologists,  many  of 
whom  alas  are  now  no  longer  with  us. 

Fossil  Plants. — We  record  with  pleasure  the  name  of  Professor 
John  Phillips,  who,  in  1865,  described  an  interesting  specimen  of 
fossil  wood  bored  by  Teredo  and  enclosed  in  flint,  from  the  Chalk 
of  Winchester,  preserved  in  the  Oxford  Museum.  Professor  E.  W. 
Glaypole,  of  Ohio,  described  and  figured  the  oldest  known  tree, 
Olyptodendron  Eatonense,  from  the  Upper  Silurian,  Eaton,  Ohio, 
U.S.  A.  No  fewer  than  eighteen  valuable  contributions  on  Palsao- 
botany  (from  1865  to  1885)  have  been  made  by  our  old  colleague, 
William  Carruthers,  on  Carboniferous  plants ;  Mesozoic  Cycadean 
stems  and  fruits ;  on  the  petrified  forest  near  Cairo ;  and  the  plants  of 
the  Brazilian  Coal-beds ;  nor  must  we  omit  to  mention  his  admirable 
lecture  at  the  Royal  Institution  "  On  the  Cryptogamic  Forests  of  the 
Coal  Period"  (1869,  pp.  289-300).  Another  distinguished  botanist, 
Sir  W.  T.  Thisel ton-Dyer,  wrote  in  1872  on  the  Coniferaa  from 
Solenhofen,  and  on  fossil  wood  from  the  Eocene  of  Heme  Bay  and 
the  Isle  of  Thane t  In  1868  George  Maw  described  some  flower- 
like forms  from  the  leaf-bed  of  the  Lower  Bagshot,  Studland  Bay. 
Professor  H.  A.  Nicholson  recorded  the  existence  of  plants  in  the 
Skiddaw  Slates.  Dr.  0.  Feistmantel  contributed  notes  on  the  Fossil 
Flora  of  Eastern  Australia  and  Tasmania,  dealing  with  those  from 
the  Tertiary,  Secondary,  Carboniferous,  and  Devonian  formations. 
Walter  Keeping  described  some  early  plant-remains  from  the 
Silurian  of  Central  Wales,  in  which  he  endeavoured  to  dis- 
criminate between  tracks  and  markings  made  by  annelids  and  other 
animals  and  those  left  on  these  old  rocks  by  seaweeds  and  other 
simple  plants.  Dr.  Constantino  Baron  von  Ettingshausen  wrote  on 
the  Tertiary  Floras  of  Australia  and  New  Zealand,  and  J.  S.  Gardner 
on  the  Mesozoic  Angiosperms  and  Flowering  or  Phanerogamous 
Plants,  in  whioh  an  exhaustive  examination  is  made  of  the  Oolitic, 
Cretaceous,  and  Tertiary  Plants  of  the  British  Isles,  as  known  to 
the  author  in  1886.  Henry  Woodward  described  some  fragmentary 
Mesozoic  plant-remains  from  South  Australia. 

In  later  years  A.  C.  Seward  took  up  the  subject  of  Fossil  Botany, 
described  the  stems  of  Calamites  undtdatuSf  the  leaves  of  Cyclopteris 
from  the  Coal-measures  of  Yorkshire,  and  wrote  on  the  specific 
variation  in  Sigillaria ;  E.  A.  Newell  Arber  followed  and  defined 
the  Olossopteris  flora,  and  discoursed  on  Homoeomorphy  among  Fossil 
Plants.  Plant-remains  from  British  Columbia  and  from  Argentina 
have  also  been  described. 
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FoEAiiiMiFKBA. — Sir  William  Logan  was  the  first  to  annoimoe  the 
discovery  (November,  1864,  p.  225)  of  the  Foraminifer  '  Eozoon '  in 
the  Laarentian  rooks  of  Canada,  and  Sir  J.  W.  Dawson  contributed 
"new  fiaots  "  (in  1888),  and  *' evidence  for  the  animal  nature  of 
^zoon  Canadense"  (in  1895).  But  the  inorganic  nature  of  this 
supposed  most  ancient  fossil  seems  to  be  now  very  generally 
admitted,  although  Dr.  Carpenter  and  Sir  William  Dawson  long  and 
▼aliantly  laboured  to  maintain  its  integrity  as  one  of  the  Protozoa. 

The  Nestor  of  Palaeontology,  Professor  T.  Rupert  Jones,  wrote  on 

Foraminifera  from  the  Bridlington  Crag ;  Orhitoidea  from  Malta  and 

the  West  Indies ;  on  Jurassic  Foraminifera  of  Switzerland  and  the 

Chalk  and  Chalk  Marl  of  South  and  South-East  of  England ;    in 

company  with  Professor  W.  K.  Parker  he  elucidated  those  of  the 

Chalk  of  Grayesend,  and  listed  Eley's  Foraminifera  from  the  English 

Chalk  ;    whilst  with    C.  D.   Sherbom  he  described  the  Jurassic 

Microzoaof  Wiltshire,  etc.     Dr.  H.  B.  Brady  enumerated  and  figured 

Involutina  Uassica  from  the  Lias  of  England,  and  8  species  of  Tertiary 

and  Carboniferous  Foraminifera  from  Sumatra.     He  reported  upon 

some  28  species  from  the  '  Chalk '  of  the  New  Britain  group,  of  which 

he  observed :   "  After  washing  this  Chalk  it  could  not  possibly  be 

distinguished,  by   its  organic  remains,  from  a  washed  sample  of 

'  Olobigerina-Ooze '  dredged  in  1,500  to  2,500  fathoms  in  the  South 

Pacific.     May  not  the  rock  (he  asks)  be  part  of  a  recent  sea-bottom 

dbturbed  by  volcanic  or  other  agency."     He  also  wrote  on  those 

remarkable  flask-shaped  Foraminifera  of  the  genus  Lagena,  from 

the  Upper  Silurian  of  Malvern.     A.  Vaughan  Jennings  described 

the  Orbitoidal  Limestone  of  North  Borneo.     Professor  W.  J.  Sollas 

defined  two  new  species  of  the  genus  Wehhina  and  other  Foraminifera 

from  the  Cambridge  Greensand,  and  Walter  Keeping  the  zone  of 

Nummulina  elegana  at  White  Cliff  Bay,  Isle  of  Wight.     F.  Chapman 

and  C.  D.  Sherbom  discoursed  on  the  Foraminifera  of  the  London 

Clay,  and  F.  Chapman  on  Hyaline  forms  from   the   Gault,  also 

upon  PateUina  and  23  other  genera  and  species  from  the  Tertiaries 

of    Egypt.      A.    E.    Coom^rasw^my    wrote    on    the    Eadiolaria 

Sfongodiscus  and  Dictyomitra  from  the  Upper  Gondwana  series 

near  Madras. 

PoBiFEBA — Sponges.  —  Dr.  H.  B.  HoU  contributed  a  carefully 

written  article  on  Fossil  Sponges,  in  which,  after  describing  their 

▼arious  structures  in  considerable  detail,  he  strongly  advocated 

their  minute  microscopic  examination  and  comparison  with  living 

forms,   and   said :   "  In  conclusion,  the  Sponges  appear  to  have 

-endured  through  a  long  range  of  time,  subject  only  to  modifications 

which  scarcely  amount  to  specific  distinctions."    Dr.  G.  J.  Hinde 

explained  the    structure    of  Archaocyathus    minganensis  from  the 

PalsBOzoio  (Mingen)  strata  of  Canada ;   Sponge-remains  from  the 

Ohert  and  Siliceous  Schists  of  Permo-Carboniferous  age  of  Spitz- 

hergen;    wrote  on   StephaneUa  sancta,  a  new  genus  of  sponge 

^  from  the  Lower  Silurian,  Ottawa,  Canada;    and  on   Palaoaaccus 

I  Dawsoni,  a  new  Hexactinellid  sponge  from  the    Quebec    group 

^  ^Ordovician),  Little  Mitis,  Canada.      The  discovery  of  this  fossil 
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by  Sir  William  Dawson  made  known  an  abundant  sponge-fann^ 
in  Tocks  previonsly  considered  to  be  unfossiliferous.  Professor 
Sollas  figured  and  described  a  Yitreo-bexactinellid  sponge  from 
tbe  Cambridge  Coprolite-bed,  wbicb  be  named  Euhrochus  dawns. 
Dr.  G.  J.  Hinde  (1886)  sbowed  tbat  Eoj^hyton'^  explanatum.  Hicks,, 
and  JECyalostelia  fasciculus^  described  by  Dr.  Hicks  as  plants,  were- 
really  sponges,  and  he  illustrated  their  microscopic  structure. 

Obaptolitks. — Among  the  authors  who  have  contributed  to  tbe 
study  of  this  group  of  organisms  must  be  specially  mentioned  the- 
names  of  Professor  H.  Alleyne  Nicholson,  William  Carruthers, 
John  Hopkinson,  Professor  Chas.  Lapworth,  Liouarsson,  and  Holm. 
Lapworth  wrote  on  the  Classification  of  the  Rhabdopora  (1873)  and 
on  the  Scottish  MonograptidsB  (1876) ;  Hopkinson  on  DicranograptuSt 
DicellograptuSt  and  on  Scottish  Graptolites ;  Carruthers  on  the 
systematic  position  of  Graptolites,  and  a  rcTision  of  British  speciee. 
Nicholson  described  the  Graptolitio  shales  of  Dumfriesshire  and  the 
Lower  Silurian  Graptolites  of  South  Scotland,  and  noticed  some 
associated  reproductive  bodies.  E.  T.  Newton  figured  Graptolites- 
from  Peru.  Dr.  G.  Holm,  of  Stockholm,  described  and  figured  some 
most  beautiful  Swedish  Graptolites  belonging  to  Didymograptus, 
TetragrapiuSj  and  Phyllograptus,  T.  S.  Hall  wrote  on  the  Graptolite- 
bearing  rocks  of  Victoria,  Australia ;  while  Dr.  0.  Hermann  con- 
tributed an  important  paper  on  the  Organisation  and  Economy  of 
Graptolites,  and  Dr.  G.  Linnarsson  gave  their  vertical  range  in  Sweden. 

CoBALS. — One  of  the  most  valuable  papers  on  Corals  was  tbat 
by  Dr.  Gustav  Lindstrom  (1866)  dealing  with  those  remarkable 
operculated  forms  from  the  Silurian  —  Goniophyllum  pyramidale, 
Bhizophyllum  Ootlandicumf  and  Hallia  calceoloides,  found  at  Wisby^ 
I.  of  Gotland,  and  from  our  own  Wenlock  Limestone— closely  related 
to  Ccdceola  sandalina,  Lamk.,  from  the  Eifel  Devonian,  found 
also  at  Torquay,  Devonshire,  and  described  in  1873  by  the  Rev. 
T.  R.  R.  Stebbing.  These  fossils  were  formerly  placed  with  the 
Brachiopoda.  Professor  H.  A.  Nicholson  contributed  eight  papers 
on  Cystiphylluniy  Eemiphyllum,  Favosites,  Cleistopora,  etc.,  and  R.  F. 
Tomes  seven  essays  on  the  Madreporaria,  Professor  P.  Martin 
Duncan  wrote  on  Axosmilia  longata  from  the  Inferior  Oolite. 
Dr.  G.  J.  Hinde  described  some  Corals  and  Polyzoa  from  Western 
Australia ;  Dr.  J.  W.  Gregory  on  fossil  Madreporaria  and  Millestroma 
from  Egypt.  H.  A.  Nicholson  and  Robert  Etheridge,  jun.,  figured 
a  small  coral,  Cladochonus,  parasitic  on  the  stems  of  orinoids. 

Stromatopoba. — Dr.  Alexander  Brown,  working  in  tbe  Aberdeen 
University  laboratory,  made  a  most  important  contribution  on  the 
structure  and  affinities  of  the  genus  Solenopora,  and  described  and 
figured  seven  new  species. 

Stabpishks  (Asteroidea  and  Ophiuroidea). — H.  Woodward  an- 
nounced a  new  and  very  interesting  fossil  Ophiuroid  from  the  Silurian 
of  Dudley  named  Eudadia  Johnsoni ;  and  Selianthaster  JUiciformiSy 
another  new  species  of  starfish  from  the  Devonian  of  South  Devon. 
Dr.  P.  Hebert  Carpenter  figured  and  noticed  a  group  of  beautiful 
bulbous-armed  starfishes  from  the  Chalk  of  Bromley,  Kent.     A  paper 
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contrtbated  by  the  late  Dr.  Wright  on  a  new  Ophiurella  nereidea 
firom  Galciferous  Grit,  near  Weymouth.  The  Eev.  J.  F.  Blake  noticed 
«  new  Solaster  {S.  Murehisoni)  from  the  Lias,  Yorkshire,  closely 
resembling  Solaster  moretonis ;  and  Dr.  J.  W.  Gregory  wrote  on 
LindiirowMBler  antiqna  and  Palaaaterina  Bonneyi  from  the  Ludlow 
beds  of  Shropshire,  and  Protaster  hrisingoides  from  Victoria,  Australia. 

Cbinoidba.  —  G.  E.  Roberts  communicated  a  note  on  the 
Mountain  Limestone  of  Yorkshire  and  its  Crinoids,  and  gave  an 
•excellent  chromo-lithographic  plate  of  Woodoerinus  expansua,  found 
near  Bichmond.  J.  Bofe  monographed  five  genera  of  Crinoida 
from  the  Mountain  Limestone  of  Lancashire  and  Yorkshire, 
giving  a  plate  illustrating  the  structure  of  these  forms;  he 
also  noticed  the  curious  swellings  on  stems  of  Crinoids  due  to 
small  in  vesting  Corals,  known  as  Cladoehonus,  which  he  described 
(1869).  Ten  years  afterwards  Nicholson  and  Etheridge  redescribed 
this  coral.  Mr.  Bofe  had  a  further  paper  on  the  minute  structure 
obserrable  in  the  column  of  Pentacrinus,  illustrated  by  excellent 
figures,  and  in  yet  another  paper  he  described  the  structure  in  the 
stems  of  Bhodocrtnus,  Platycrinua,  and  Euryoerinus,  Professor  G.  de 
Koninok  gives  an  account  of  new  and  remarkable  Echinoderms 
from  British  Palseozoic  rocks,  figuring  the  genera  Palachinua, 
PlaoocyBiites,  and  ITaplocrinuB,  E.  Billings  called  attention  to 
Plaeoeystiies  =>  Atelsocystites  Htixleyi,  from  Dudley,  while  H.  Wood- 
ward added  a  note  and  figures  of  the  same,  and  in  1880  more  fully 
discussed  and  figured  this  remarkable  Cystidean.  J.  E.  Lee  noted 
the  occnrrenoe  of  Cupressoerinus  in  the  Devonian  Limestone  near 
Kingsteignton.  Dr.  F.  A.  Bather  figured  Meroerinus  Salopia  from 
the  Ordovician  of  Shropshire,  Hapalocrinua  Victoria,  a  new  Silurian 
Orinoid  from  Melbourne, Victoria;  he  added  studies  in  Edrioasteroidea, 
And  gave  an  account  of  his  search  for  Uintacrinus  in  England  and 
Westphalia. 

EcHiHoiBBA. — Professor  P.  Martin  Duncan  had  a  note  on  Qaleritea 
<ilbogalem8,  Lamk.  Dr.  J.  W.  Gregory  described  Bhyncopygus  Woodi 
from  the  English  Pliocene,  and  some  Australian  fossil  Echinoderms, 
Archaodiadema,  a  new  genus  of  Liassic  Echinoidea,  and  Egyptian 
fossil  Echinoderms.  T.  Boberts  noticed  two  abnormal  Cretaceous 
Echinoids  from  the  Lower  Chalk  of  Cambridge. 

Ahnkuda.  —  J.  Hopkinson  figured  DexoHtes  gracilis,  a  new 
Silurian  Annelid  from  Mofiat;  H.  A.  Nicholson,  two  new  species 
of  Tubioular  Annelids;  and  B.  Etheridge,  jun.,  wrote  on  British 
•Carboniferous  Annelida  and  noticed  some  25  species  (1880). 

Cbustaoea. — The  Crustacea  have  always  occupied  a  very  important 
position  in  the  pages  of  the  Geological  Magazine.  Sir  J.  William 
Dawson  described  and  figured  Homalonotus  Datosoni  from  the  Upper 
Silurian,  Picton,  and  Anthrapalamon  Silliana  from  the  Carboni- 
ferous of  South  Joggins,  Nova  Scotia.  C.  Spenoe  Bate  figured 
Archaastacus  WilUmcmi  (which  is  really  equivalent  to  JEryon 
crasaicMis)  from  the  Lias  of  Lyme  Begis.  James  Carter  refers 
to  Orilhopsis  Bonneyi  from  the  Upper  Greensand  of  Charmouth, 
near  Lyme  Begis,  Dorset;    and   notices  fossil  Isopods  from  the 
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Upper  Greensand  of  Cambridge.  Professor  T.  T.  Groom  gave 
figures  and  desoriptions  of  a  minute  Trilobite,  Acanthopleurdla 
Orindrodi,  from  the  Diotyonema  shales  (Cambrian)  of  Malvern. 
Professor  C.  E.  Beeoher  sent  (1900)  a  restoration  of  the  great  long- 
legged  Eurypterid,  Stylonurus  Zacoantu,  from  the  Devonian  of 
Pennsylvania,  U.S.  Professor  G.  A.  J.  Cole  noticed  Belinwnn^ 
hiltorkensis  from  Ireland;  and  Dr.  Anton  Fritsch  described  PrO' 
Umtdus  Woodwardi  from  the  Permian  'Gaskohle'  of  Bohemia^ 
B.  Etheridge,  jun.,  noticed  a  Turrilepas  from  the  Upper  Silurian 
of  New  ^uth  Wales,  and  Professor  W.  B.  Benham  figured 
a  gigantic  form  of  Cirripede  {Pollicipes  Aueklandicus)  from 
the  Tertiary  beds  of  New  Zealand.  Wyatt  -  Edgell  described 
and  figured  lAchas  patriarchus  from  the  Llandeilo  Flags,  alsa 
Asaphus  Comdensis  and  other  species  of  Trilobites  in  a  second 
paper  (1867).  Thomas  Belt  in  two  papers  illustrated  several  new 
Trilobites  of  the  genera  Olenua,  Agnostus,  and  Conocoryphe,  from 
the  Cambrian  of  North  Wales.  Professor  Lapworth  announced  the 
discovery  of  the  Olenellua  fauna  in  the  Lower  Cambrian  rocks  of 
Britain,  and  described  Olenellua  Callavei  from  Shropshire.  Professor 
Claypole  recorded  2>a{fnant<e0  in  the  Lower  Carboniferous  of  Ohio,  U.S. 
Professor  C.  D.  Walcott  and  C.  E.  Beecher  sent  three  papers  on  the 
appendages  and  structure  of  Trilobites ;  and  W.  K.  Spencer  wrote  on 
the  hypostomic  eyes  of  Bronteus.  S.  H.  Beynolds  figured  Dindymene 
Eughesia  and  three  other  Trilobites,  from  the  Lower  Palaeozoic  of 
Wharfe,  Yorkshire.  F.  R.  Cowper  Reed  contributed  eleven  papers  on 
Trilobites  from  the  Cambrian,  Silurian,  and  Carboniferous,  including 
Oryctocephalua  Beynoldai  from  the  Cambrian  of  North  America. 
He  noticed  a  new  species  of  Cyclua  (C.  Woodwardi)  from  the 
Carboniferous  of  Settle,  Yorkshire.  Henry  Woodward  in  six  papers 
described  and  figured  numerous  species  of  Carboniferous  and  Culm 
Trilobites  from  Yorkshire  and  Devonshire.  Two  papers  are  devoted 
to  Homalonotva,  and  six  papers  to  Cambrian  and  Silurian  Trilobites 
from  Australia,  Canada,  and  Britain.  Of  Brachyuran  Decapod 
Crustaceans  Dr.  Woodward  has  monographed  Ooniocypoda  Edwardat, 
a  new  genus  of  shore-crab  from  the  Lower  Eocene  of  Hampshire ; 
several  species  of  crabs  from  the  Upper  Cretaceous  of  Faxe, 
Denmark,  and  from  the  Cretaceous  of  Vancouver  Island,  British 
Columbia  ;  Froaopon  mammillatum,  a  true  crab  from  the  Great  Oolite 
of  Stonesfield.  Of  Macrouran  forms  he  wrote  on  ScyUaridia  Belli^ 
on  two  species  of  Palamon  from  the  Eocene  of  the  Isle  of  Wight, 
and  on  Meyeria  Willeiti  from  the  Chalk  of  Sussex.  Dr.  Woodward 
wrote  seven  papers  on  Praaiya  acabra,  Eryon  antiquuaf  E.  Stoddarti, 
Olyphea,  and  Penaua^  and  on  two  species  of  j^er,  all  from  the  Lias 
formation  of  Dorset  and  Warwickshire,  and  on  the  genus  Anthra- 
palamon  from  the  Coal-measures. 

On  fossil  IsopoDS  H.  Woodward  added  three  papers,  one  on 
Palaga  Carteri  from  the  Grey  Chalk  of  Bedfordshire  and  Folkestone, 
and  Cycloapharoma  from  the  Great  Oolite  of  Northampton  and  the 
Purbeck  beds  of  Aylesbury ;  ten  species  of  the  genus  Cyclua  from  the 
Carboniferous  Limestone  and  the  Lower  Coal-measures  are  defined 
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in  three  papers  (1870,  1893,  and  1894).  The  Cirripede  originally 
described  by  H.  Woodward  (in  1868)  as  Pyrgoma  cretacea,  from  the 
Chalk  of  Norwich,  proved  to  be  intermediate  between  the  sessile 
and  pedoncalated  groups.  This  new  form,  named  BrachylepaB 
eretaeea,  was  discovered  by  Dr.  Bowe,  and  described  and  figured  by 
H.  Woodward  in  1901  (p.  145).  Two  species  of  Turrilepag  from  the 
Silorian  are  enumerated  by  the  same  author,  one  from  Canada  and  one 
&om  Dndley.  The  gastric  teeth  and  shields  of  Carboniferous,  Devonian, 
and  Silurian  Phyllopods,  especially  of  the  genera  J)ithyrocari$  and 
CeraiiocarUf  received  attention  and  description  in  five  well-illustrated 
papers  by  the  same  author;  while  eight  papers  were  devoted  to 
the  description  and  figuring  of  various  genera  of  Mbrostomata, 
Ettryptems,  Stylonurua,  HemiaspiB,  and  Neolimtdus,  the  last-named 
being  the  earliest  king-crab  known,  coming  from  the  Upper  Silurian 
of  Lanarkshire. 

Ehtomobtbaoa. — Mr.  Sherbom  and  Mr.  Chapman  had  papers  on 
the  Ostraooda  of  the  Oault  of  Folkestone  and  the  Tithonian  of 
Nesselsdorf.  Fourteen  papers  on  Tertiary,  Cretaceous,  Wealden, 
Carboniferous,  and  Silurian  Ostraooda  from  North  and  South 
America,  South  Africa,  and  Britain,  have  been  contributed  by 
Professor  T.  Bupert  Jones.  Four  others,  in  conjunction  with  J.  W. 
Kirkby  and  one  with  Mr.  Sherborn,  treat  of  the  same  subject. 
Professor  Bupert  Jones  had  also  five  papers  on  fossil  Estheria  from 
North  America,  South  Africa,  and  Siberia ;  and  eight  papers  in  con- 
janction  with  H.  Woodward  on  fossil  Phyllopoda  from  the  Palasozoio 
rocks.  Messrs.  Brady  and  Crosskey  described  in  1871  Post-Tertiary 
Ostraooda  from  Canada  and  New  England ;  and  Miss  Partridge 
described  Eehinocaris  Whidbomei  and  JB,  Sloliensia  from  Devonshire. 

LiBBCTA. — It  is  pleasant  again  to  record  the  name  of  Professor 
John  Phillips  (1866),  who,  under  the  title  of  "  Oxford  Fossils," 
figured  a  dragon-fly's  wing  as  Zibellula  Westwoodi,  from  the 
Stonesfield  Slate,  and  compared  it  with  the  wing  of  uSachna  Brodiei 
from  the  Lias  of  Dumbleton.  J.  W.  Kirkby  figured  some  insect- 
remains  (part  of  wing  of  a  species  of  Blatta  and  part  of  wing  of 
an  Ortbopterous  insect  related  to  the  Phasmidss)  from  the  Coal- 
measures  of  Durham.  A.  O.  Butler  illustrated  the  wing  of  a  fossil 
butterfly  from  the  Stonesfield  Slate  (1873),  Falaontina  ooUtica,  to 
which  he  again  referred  (in  1874),  maintaining  its  Lepidopterous 
character  against  the  opinion  of  S.  H.  Scudder,  who  considered  it 
to  be  an  Homopterous  wing  allied  to  the  Cicada.  S.  H.  Scudder 
described  and  figured  a  tinted  Neuropterous  insect  -  wing  {Brodia 
priseotineta)  from  the  Dudley  Coalfield,  and  two  other  Carboniferous 
insects,  Arehaoptilus  and  .^aophasma,  from  Lancashire.  He  added 
some  notes  on  European  species  of  Elohlatlina,  of  which  he 
enumerated  28  species  (1896),  also  a  new  form,  K  JDeanensia,  from 
the  Forest  of  Dean,  ana  gave  an  account  of  the  Insect  fauna  of  the 
Miocene  of  Oeningen,  of  which  876  had  been  described  by  Professor 
0.  Heer  and  five  figured  by  Scudder  (1895).  His  earliest  paper 
(not  illastrated)  was  in  1868,  on  the  fossil  insects  of  North  America 
(publiBhed    by  special  request  of  Sir  Charles  Lyell).      In  1867 
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Sir  J.  W.  Dawson  wrote  upon,  and  S.  H.  Soudder  gave  diagnoses 
of>  an  iDseot-wing  from  the  Coal-shale  of  Gape  Breton,  and  four 
insect-remains  from  the  Devonian  of  St.  John's,  Brunswick.  In 
1874  A.  H.  Swinton  figured  a  fossil  Orthopter  of  the  genus 
Oryllacris  (=  Corydaiis  Brongniarti,  Buok.)  from  Coalbrookdale. 
Charles  Brongniart  described  (1879)  a  new  genus  of  Phasmidao 
(Protophasma  Dumasii)  from  the  Coal-measures  of  Commentry, 
Centnd  France,  and  (in  1885)  described  various  insects  from  the 
Primary  rocks.  H.  A.  Allen  described  (1901)  Fouquea  camhreiuii 
(near  to  Zithomantis)  from  the  Coal-measures  of  South  Wales. 
The  Rev.  P.  B.  Brodie  (1893)  noticed  the  Eocene  Tertiary  Insects 
of  Gurnet  Bay,  Isle  of  Wight,  collected  by  A'Court  Smith. 
Henry  Woodward  (1884)  described  the  wing  of  a  Neuropterous  insect 
from  the  Cretaceous  Limestone,  Flinders  River,  North  Queensland. 
He  discoursed  on  British  Carboniferous  cockroaches  and  on  their 
larval  forms  (Etoblattina  Peachii),  etc.  (1887,  pp.  49  and  431). 
He  also  described  a  Neuropterous  insect  (Fafaotermes  EUisii)  from 
the  Lower  Lias,  Barrow-on-Soar,  in  which  the  clouded  colour  of  the 
wing  had  been  preserved  in  the  fossil  (1892). 

Abaohnida. — Henry  Woodward  described  in  1871  a  remarkably 
perfect  Arachnid,  Fophrynus  Freatvid,  from  the  Coal-measures  near 
Dudley,  preserved  in  a  nodule  of  clay  ironstone.  He  also  figured 
Architarbui  subovalis  from  the  Coal-measures  of  Lancashire  in  1872. 
R.  I.  Pocock  redescribed  Uophrynm  and  figured  two  new  Arachnids, 
from  the  Coal-measures. 

Myriopoda. — Henry  Woodward  illustrated  some  remarkable  spined 
Myriapods  from  the  Carboniferous  rocks  of  England  and  Scotland. 

( To  be  continued,) 


n. — On  a-MB  Relations  op  the  'Writing  Chalk'  of  Tullstorp 
(Sweden)  to  the  Drift  Deposits,  with  reference  to  the 
'  Interolaoial  '  question. 

By  Nils  Olof  Holst.* 

IN  the  district  of  Tullstorp  in  Scania  (Southern  Sweden)  the 
white  *  Writing  Chalk  '  is  dug  rather  extensively,  and  in 
exploring  the  ground  numerous  borings  have  lately  been  made 
which  have  shown  that  this  Chalk  is  not  actually  in  place  as 
supposed  by  Angelin,  B.  Lundgren,  J.  Jonsson,  J.  C.  Moberg, 
W.  Dames,  and  others,  but  occurs  only  in  extraordinarily  large 

^  Dr.  N.  0.  Hoist's  researches  in  Greenland  on  the  Inland  Ice  and  his  views 
on  Post-Glacial  earth-moTements  in  Scandinavia  are  already  well  known  to 
English  readers.  The  recently  published  paper  of  this  eminent  Swedish  geologist, 
*'  Dm  skrifkritan  i  Tullstoipstrakten  och  de  b&da  moraner,  i  hvilka  den 
ar  inbaddad  :  ett  inlagg  i  InterglacialMgan*'  (Sveriges  Geol.  Undersdknmy : 
Afhandlingar  och  uppsateer^  ser.  C,  No.  194,  1903),  is  of  such  ^neral  interest  to 
all  glacial  geologists,  that  I  have  been  glad  to  have  had  the  privilege  of  rendering 
some  little  assistance  to  the  author  in  his  preparation  of  this  English  abstract  of  his 

¥aper.  The  doubts  as  to  the  validity  of  the  evidence  for  even  a  single  Interglacial 
*eriod,  which  have  been  expressed  recently  in  several  countries,  are  here  put  forward 
with  great  force,  and  it  is  dear  tiiat  a  genertd  re-discussion  of  this  very  important 
question  is  rapidly  becoming  imperative. — G.  W.  Lamplvoh. 
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transported  masses  or  boulders  (SehoVen),  ap  to  850  metres  long, 
•300  metres  broad,  and  15  metres  thick,  whioh  are  embedded  in 
the  glacial  deposits. 

The  trne  bed-rock  of  the  district  is  the  '  Saltbolms  Limestone/ 
i.e.  a  Chalk  newer  than  the  *  Writing  Chalk.'  The  *  Saltbolms  Lime- 
stone' is  not  reached  at  a  less  depth  than  33  to  70  metres,  while  the 
'  Writing  Chalk '  is  met  with  at  a  couple  of  metres  below  the  surface. 
The  transported  masses  of  *  Writing  Chalk '  seem  at  first  glance 
to  be  almost  intact  and  undisturbed.  But  when  more  closely 
examined,  they  are  found  to  be  crushed  and  to  form  a  brecciated 
chalk;  and  further,  it  is  seen  that  the  flint-bands  are  ground  to 
pieces,  that  the  thin  clayey  partings  of  the  Chalk  are  slightly  con- 
torted, and  that  the  moraines  (boulder-day)  and  the  glacial  gravels 
are  sporadically  carried  down  and  sometimes  squeezed  into  the 
-Chalk  to  a  considerable  depth.  Still  more  remarkable  is  the 
oconrrence  of  portions  of  the  antlers  of  Cervus  elaphus,  which  are 
oooasionally  found  entirely  isolated  in  this  Chalk ;  in  one  case, 
a  piece  of  antler  of  this  kind  was  found  at  a  depth  of  6  metres  from 
the  sarfaoe  of  the  *  Writing  Chalk.' 

The  transported  masses  of  the  'Writing  Chalk'  rest  upon  the 
'lower  moraine'  (Mower  boulder-clay').  In  a  few  instances  they 
are  also  covered  by  this  moraine,  but  as  a  rule  their  covering  consists 
of  the  'upper  moraine'  (* upper  boulder-clay')  and  fluvio-glacial 
deposits. 

The  phenomena  in  the  Tullstorp  district  have  been  compared  by 
ihe  author  with  the  much  discussed  phenomena  of  similar  character 
At  Moen,  Bugen,  and  Fiukenwalde,  and  with  the  numerous  transported 
masses  or  *  Sohollen '  which  are  found  at  so  many  places  among  the 
glacial  deposits  of  Northern  Germany.  The  resemblance  between 
the  mode  of  occurrence  of  these  masses  and  that  of  the  displaced 
^  (7yprt«a-olay '  has  also  been  discussed,  and  for  several  reasons, 
partly  borrowed  from  the  well-known  paper  of  Johnstrup  on  this 
deposit,  the  author  has  concluded  that  the  '  Cyprina-oleLy  '  is  decidedly 
pre-Olacial. 

The  bearing  of  these  facts  as  an  argument  against  the  hypothesis 
of  an  Interglacial  Period  will  now  be  summarized. 

The  *  Writing  Chalk '  of  Tullstorp  occurs  under  the  same  conditions 
4IS  many  of  the  so-called  *  Interglacial '  deposits,  i.e.  between  the  two 
moraines  (boulder- clays).  But  if  we  are  to  regard  these  morainic 
deposits  as  two  separate  ground-moraines  belonging  to  two  distinct 
Olaoial  episodes,  there  would  be  no  good  reason  for  refusing  to 
assign  the  *  Writing  Chalk  '  to  an  '  Interglacial '  period,  along  with 
the  other  so-called  *  Interglacial '  beds  which  occur  under  the  same 
conditions.  The  author  holds,  however,  that  only  the  *  lower 
moraine '  is  true  ground -moraine,  and  that  the  *  upper  moraine ' 
consists  of  material  which  was  originally  incorporated  in  the  ice- 
sheet  as  '  internal  moraine '  and  was  set  free  on  the  melting  of  its 
lower  part.  Indeed,  the  two  moraines  are  so  dissimilar  in  character 
that  iff  as  is  generally  acknbwledged,  the  lower  deposit  is  a  ground- 
mortdne,  the  upper  must  have  had  a  dififerent  origin. 


Digitized  by  VjOOQ  IC 


58      Prof.  N.  0.  Eoht— Writing  Chalk  of  Scania,  Sweden. 

The  differences  between  the  two  moraines  have  elsewhere  been 
fully  discussed  by  the  author.  He  has  himself  observed  in  Greenland 
that,  whereas  the  lower  or  *  ground '-moraine  is  characterized  by 
its  rounded,  often  striated  stones,  and  its  clayey  matnx  of  a  bluish* 
grey  colour,  the  upper  or  *  internal'  moraine,  on  the  other  hand, 
is  characterized  by  its  more  angular,  rarely  striated  stones,  its  looser, 
more  gravelly  texture,  and  its  weathered  aspect  due  to  oxidization 
during  the  melting  of  the  ice.  And  the  same  difference  exists 
between  the  two  moraines  in  Germany  and  Sweden  also.  In  the 
latter  country  this  difference  is  just  as  conspicuous  in  the  northern 
districts  as  in  the  country  at  the  outer  margin  of  the  Scandinavian 
ice-sheet.  The  chief  conclusions  to  be  drawn  from  this  difference 
may  be  recapitulated  under  the  following  five  heads : — 

1.  As  a  rule,  both  in  Germany  and  in  Sweden,  the  thickness  of 
the  'upper  moraine*  is  too  small  and  too  uniform  to  represent 
a  separate  ice-age,  being  sometimes  a  couple  of  metres,  sometimes 
3  to  4  metres,  and  only  exceptionally  attaining  a  slightly  greater 
thickness. 

2.  The  *  upper  moraine '  enwraps  the  uneven  contours  of  the 
underlying  deposits,  even  when  these  are  loose  gravels  and  occur 
in  abrupt  ridges  and  mounds,  so  that  the  'upper  moraine'  often 
reflects  rather  closely  the  contours  of  its  underlying  floor.  No 
ground-moraine  can  behave  in  this  manner. 

3.  The  '  upper  moraine '  is  less  compressed  and  less  coherent 
than  the  ground-moraine,  because  no  ice-sheet  has  passed  over  it. 
It  contains  few  stones,  and  not  rarely  has  a  more  or  less  definite 
stratification,  which  shows  that  it  has  to  some  extent  been  acted 
upon  by  *  water  of  melting '  (Schmehwaaaer)  during  its  deposition. 
The  few  striated  stones  which  it  contains  have  probably  been  derived 
from  the  *  lower  moraine.' 

This  distinction  has  frequently  been  laid  stress  upon  by  other 
authors.  James  Geikie  remarks  upon  it  as  follows:  "One  may 
note  in  many  cases  that  the  till  which  overlies  interglacial  deposits 
is  not  infrequently  a  somewhat  looser  clay  than  the  generally 
excessively  tough  lower  till  that  clings  to  the  rocks  underneath. 
Often,  too,  the  stones  and  boulders  of  the  overlying  till  are,  as 
a  whole,  less  well  smoothed  and  striated  than  those  in  the  boulder- 
olay  below."  The  latter  deposit  he  calls  ''  unstratified "  and  the 
upper  **  indistinctly  bedded." 

This  conspicuous  difference  also  induced  Johnstrup  to  regard  the 
*  upper  moraine '  as  having  been  formed  in  a  special  way,  viz.,  by 
drifting  or  floe  ice. 

4.  If  the  'upper  moraine'  had  been  a  separate  and  distinct 
ground -moraine  originating  from  a  separate  ice-sheet,  it  ought  ta 
possess  a  definite  outer  limit  marking  the  greatest  extension  of  this 
ice-sheet.  Such  a  limit  has  certainly  been  diligently  sought,  but 
it  has  never  been  found  and  will  never  be  found,  because  it  has 
never  existed. 

One  of  the  most  striking  features  in  glacial  geology  is  the  great 
terminal  moraine  of  the  European  ice-sheet,  but  its  importance  has^ 
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been  obscured  by  the  idea  of  an  •  Interglaoial  *  period  {InterglaztaU 
tmittf),  whioh  has  diverted  the  attention  of  most  observers  chiefly  to 
the  two  moraines,  with  the  supposition  that  these  have  originated 
at  widely  different  times. 

5.  If  the  'upper  moraine'  had  represented  a  separate  ice-age,. 
preceded  by  a  long  Interglacial  epoch  with  an  ameliorated  climate, 
it  ought  to  contain  abundant  vegetable  remains.  Plentiful  tracea 
of  forest-growth  should,  in  this  case,  have  been  found  embedded 
in  the  moraine,  for  this  *  upper '  drift,  unlike  the  Mower  moraine,'  ia 
not  thick  enough  to  bury  and  conceal  the  d6bris  of  any  land-surface 
that  might  have  existed  outside  the  ice. 

The  stratified  deposits  of  sand  and  gravel  which  lie  between  the 
two  boulder-clays  are  most  readily  explicable  as  being,  from  the 
beginning,  of  intermorainic  origin.  In  many  cases  they  have 
probably  been  formed  in  ice-dammed  water-filled  basins  over  whioh 
the  thin  border  of  the  ice-sheet  was  buoyed  up,  thus  allowing  the 
snbglacial  streams  to  deposit  their  sand  and  gravel  below  the  ice 
which  contained  the  internal  *  upper '  morainic  material. 

To  this  series  of  deposits  belongs  also  the  Rixdorf  Sand.  The 
great  extent  and  thickness  of  the  latter,  as  well  as  the  manner  of 
its  stratification  (sand  alternating  with  coarse  gravel  and  shingle,. 
frequently  showing  conspicuous  false  bedding),  clearly  indicate  that 
ibis  deposit  is  glacial;  for  what  streams  could  deposit  such  thick 
beds,  including  coarse  gravel  and  shingle,  on  a  plain,  except  under 
Glacial  conditions!  The  fauna  of  the  Rixdorf' Sand  is  a  mixed 
fianna ;  the  fossils  are  exclusively,  or  at  least  principally,  found  in 
tbe  coarse  gravel,  and  must  be  derivative.  This  opinion  regarding 
the  Bixdorf  Sand  is  maintained  also  by  W.  Wolff  and  O.  Miiller 
{Proioioll  der  Januarsitzung,  1902,  der  Deuisch,  Qeol,  QesdUch,), 

Thus,  in  the  opinion  of  the  writer,  the  evidence  tells  strongly 
against  the  idea  of  an  Interglacial  Period.  The  crux  of  the  matter 
lies  in  the  correct  interpretation  of  the  two  moraines.  It  has  been 
shown  that  these  belong  to  one  and  the  same  period  of  glaoiation ; 
and  it  is  further  held  that  the  so-called  'Interglaoial'  deposits 
themselves,  when  correctly  interpreted,  afford  confirmatory  evidence- 
to  the  argument  against  the  '  Interglacial '  hypothesis. 


III.  —  The   Fingbrs   of  Pterodactyls. 
By  Professor  S.  "W.  Williston,  University  of  Chicago. 

AS  is  well  known,  all  pterodactyls  have  three  small,  unguiculate 
fingers  on  the  radial  side  of  the  patagial  finger,  evidently  used 
in  the  support  of  the  body,  possibly  also  in  prehension  and  ambulation. 
In  the  older  forms  these  fingers  were  relatively  much  better 
developed  than  in  the  later  ones,  the  metacarpals  of  the  former, 
of  considerable  strength,  all  articulating  with  the  carpus,  whereas 
in  the  more  specialized  forms  of  later  geological  age  the  proximal 
ends  of  these  bones  had  become  either  greatly  attenuated  or  entirely 
lost.  In  Nyeto$aurus,  for  instance,  the  very  small  anterior  metacarpals 
were  not  more  than  one-eighth  of  the  length  of  the  wing-metacarpal. 
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^nd  were  in  life  loosely  attached  by  the  soft  parts  only  to  the 
-distal  part  of  that  bone. 

Eeoently,  in  the  examination  of  a  specimen  of  Pieranodon  or 
Orniihosioma,  in  which  all  the  bones  of  the  hand  had  been  preserved 
in  nearly  their  original  positions,  I  have  observed  that  these  three 
«mall  Qngers  have  two  phalanges  in  the  first,  three  in  the  second, 
and  four  in  the  third,  the  terminal  one  of  each  a  much  curved  and 
sharp  claw.  So  far  as  I  can  learn,  all  known  pterodactyls  have 
<the  same  number  and  arrangement  of  these  bones.  In  any  event, 
I  believe  that  any  possible  variation  will  be  found  in  a  lessened  rather 
than  an  increased  number.  Seeley  ("  Dragons  of  the  Air,"  p.  129) 
confirms  this  arrangement  of  the  phalanges  in  these  animals.  The 
patagial  finger  has,  as  is  well  known,  four  phalanges,  probably  in 
all  known  forms.  It  seems  very  probable,  however,  that  in  the 
evolution  of  this  finger  for  the  support  of  the  volant  membrane,  the 
original  clawed  phalange  had  become  lost,  not  that  it  had  become 
greatly  elongated  as  the  fourth  phalange.  More  especially  does 
this  seem  probable  from  the  fact  that  in  the  later,  more  specialized 
forms  of  these  animals  there  is  a  marked  tendency  toward  an 
increase  in  length  of  the  proximal  membrane-supporting  bones, 
and  a  shortening  of  the  distal  ones.  In  a  specimen  of  Bhamporhynchus^ 
as  stated  by  Seeley  (op.  cit.),  the  first  wing-phalange  measured 
3^  inches  in  length,  while  the  fourth  phalange  had  a  length 
of  2  inches.  In  a  specimen  of  Pieranodon  now  before  me  the 
proximal  wing-phalange  measures  nearly  27  inches,  while  the  fourth 
is  only  a  little  over  5  inches  in  length.  A  still  greater  dis- 
proportion exists  between  the  fingers  in  BTiamphorJiynchus  and 
Nyctosaurus,  Now,  if  my  reasoning  is  correct,  the  phalanges  in 
ihe  four  definitely  known  fingers  of  pterodactyls  originally  numbered, 
in  succession  from  the  radial  to  the  ulnar  side,  2,  3,  4,  5.  It  is  well 
known  that  in  all  reptiles,  save  the  turtles,  the  anomodonts,  and 
oertain  extinct  hyperphalangic  forms,  as  well  as  in  the  birds,  this 
phalangeal  formula  applies  to  the  first  four  digits  of  both  the  hands 
and  the  feet,  and  it  certainly  does  to  the  feet  of  pterodactyls.  The 
conclusion,  therefore,  seems  to  me  incontestable  that  the  wing-finger 
of  pterodactyls  is  the  fourth,  as  was  formerly  held  by  all  writers 
on  these  animals.  In  1878,  however,  Oscar  Fraas  suggested  that 
the  so-called  pteroid  bone  really  represented  the  first  finger,  and 
that  the  wing-finger  is  the  fifth.  This  view  was  adopted  by  both 
Marsh  and  Zittel,  and  is  the  one  now  universally  accepted  by 
palasontologists. 

It  therefore  seems  evident  that  the  '  pteroid  *  is  not  a  vestigial, 
abnormally  reflexed  metacarpal  or  phalange  of  the  first  digit,  but 
an  entirely  distinct  ossification.  Just  what  this  ossification  is, 
it  may  be  premature  to  suggest,  but  there  is  nothing  unreasonable  in 
the  supposition  that  it  is  a  carpal  or  sesamoid.  This  conclusion  seems 
more  probable  from  the  fact  that  it  was  progressively  developed  in 
the  later,  more  specialized  forms  reaching  its  maximum  in  ITyetosaunu, 
thereby  subserving  some  progressively  increasing  functional  use, 
which  would  hardly  be  expected  were  it  a  reflexed  finger. 
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rV. NOTBS    ON    THE    CEPHALOPODA    BELONGING    TO    THE    StRAOHBY 

COLLEOnON    FROM    THE   HIMALAYA.      PaBT   I  I   JuRASSIO. 

By  G.  C.  Crick,  Assoc.  R.S.M.,  F.G.S.,  of  the  Britiflh  Museum  (Natural  History). 

IN  1851  Captain  (now  Sir)  Riobard  Strachey^  communicated  to 
the  Gteologioal  Society  of  London  a  paper  "  On  the  Geology  of 
Part  of  the  Himalaya  Mountains  and  Tibet/'  based  upon  the 
observations  which  he  had  made  during  the  years  1848  and  1849. 
The  Pal»ozoio  and  Secondary  fossils  therein  mentioned  were 
described  in  1865  by  J.  W.  Salter  and  H.  F.  Blanford  respectively 
in  a  work  of  which  the  title-page  reads  as  follows :  "  Palaeontology 
of  Niti  in  the  Northern  Himalaya :  being  descriptions  and  figures  of 
the  PaliBOzoio  and  Secondary  Fossils  collected  by  Colonel  Richard 
Strachey,  R.E.  Descriptions  by  J.  W.  Salter,  F.G.S.,  A.L.S.,  and 
H.  F.  Blanford,  A.R.S.M.,  F.G.S.  Reprinted  with  slight  corrections 
for  private  circulation  from  Colonel  Strachey's  forthcoming  work  * 
on  the  Physical  Geography  of  the  Northern  Himalaya.  Calcutta  ^ 
O.  T.  Cutter,  Military  Orphan  Press.     March,  1865." 

On  p.  2  of  this  work  Salter  says  :  "  The  [Strachey]  collection 
was  brought  home  numbered  and  catalogued,  but  still  required 
months  of  patient  work  in  breaking  up  and  chiselling  out  the 
apeoimens.  When  finally  arranged  upon  tablets,  with  localities, 
be  [Colonel  Strachey]  placed  them  all  in  the  colonial  collections- 
of  the  Masenm  of  Practical  Geology,  and  left  me  the  more  pleasant 
task  of  comparing  and  describing  them  " ;  and  in  a  footnote  on 
p.  80  Salter  adds  that  '*  all  the  figured  specimens  of  Colonel 
Straohey's  collection  have  been  liberally  presented  by  that 
gentleman  to  the  Museum  of  Practical  Geology,  London."  In 
1880  the  foreign  collections  (and  among  them  the  Strachey  Col- 
lection) were  transferred  from  that  Museum  to  the  British  Museum. 
Ab  many  of  the  figured  specimens  were  not  marked  as  such,  and 
having  regard  to  the  importance  of  this  collection  and  in  view  of 
the  interest  which  is  now  being  manifested  in  the  sedimentary 
deposits  of  the  Himalaya,  it  seemed  desirable  that  the  collection 
shoald  be  carefully  examined  and  the  described  and  figured 
specimeiiB  identified  and  marked.  The  following  notes  are  based 
on  an  examination  of  the  collection  as  it  now  exists  in  the  National 
Masenm.  The  present  part  refers  only  to  the  Jurassic  Cephalopoda  r 
these  were  described  by  Professor  H.  F.  Blanford  in  the  work 
already  mentioned  (pp.  74-88  and  105-111).  The  systematic 
poaition  of  the  species  has  not  been  discussed ;  this  is  being  done 
bj  Professor  Y.  Uhlig,  of  Vienna,  who  is  preparing  from  a  much 
larger  amount  of  material  a  memoir  on  the  fauna  for  publication  in 
Uie  PaUeojUologia  Indiea, 

In  Salter  &  Blanford's  work  on  the  "  Palsdontology  of  Niti," 
the  plates  are  numbered  from  i  to  xxiii  and  are  all  marked  vol.  ii ; 
of  tiiese  the  first  nine  are  photographs  of  engraved  plates,  whilst 
the  rest  (x-xxiii)  were  lithographed  and  printed  in  Calcutta.    As 

'  Quart.  Joum.  Geol.  Soc.,  vol.  vii  (1851),  pp.  292-310. 
*  This  work  was  never  published. 
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I  have  stated  elsewhere,^  besides  a  complete  copy  of  the  work, 
the  library  of  the  Geological  Departmeut  of  the  British  Museum 
contains  a  set  of  plates  presented  by  Sir  Richard  Strachey  in  1892. 
The  first  nine  are  engraved,  and  it  is  evident  that  it  was  from 
precisely  similar  imprints  that  the  photographs  issued  with  the 
work  were  taken;  plates  x-xiii,  xvi-xviii,  and  xxi-xxiii  were 
drawn  and  lithographed  by  W.  H.  Baily,  the  others,  xix  and  xx, 
by  C.  R.  Bone;  and  they  were  all  printed  by  Ford  &  West, 
•evidently  in  England.  The  two  sets  of  plates  present,  in  the 
drawing  of  the  specimens,  sufficient  differences  to  show  that  the 
*  English '  set  was  not  copied  from  the  '  Indian,'  but  that  most  of 
the  figures  at  any  rate  were  re-drawn  from  the  actual  specimens, 
additional  details  being  given  in  several  instances.'  General 
Sir  Richard  Strachey  informs  me  that  the  '  English '  set  of  plates 
has  never  been  ''  formally  published,"  so  far  as  he  knows,  ''  certainly 
not  in  England."  The  additional  details  given  in  this  set  of 
drawings  has  assisted  in  the  identification  of  some  of  the  figured 
specimens. 

The  majority,  and  probably  the  whole,  of  the  figures  are  reversed. 
Some  of  them  have  been  so  much  restored  that  the  identification  of 
the  originals  is  attended  with  great  difficulty.  That  they  did  not 
entirely  meet  with  the  approval  of  Professor  Blanford  is  evident  from 
Salter's  remark  at  the  end  of  the  author's  descriptions  (p.  88)  that 
reads  as  follows :  "  Since  this  was  in  type  the  figures  have  been 
corrected  (as  far  as  the  state  of  the  lithographic  stones  would  allow) 
in  conformity  with  Professor  Blanford's  instructions. — J.  W.  S." 

In  the  first  volume  of  his  work  entitled  ''  Illustrations  of  Indian 
Zoology;  chiefly  selected  from  the  collection  of  Major-General 
Hardwicke,"  published  in  1830-32,  J.  E.  Gray  figured  on  plate  c 
four  figures  of  three  species  of  Ammonites  which  he  named 
Amm.  Nepatdensis  (figs.  1,  2),  A.  Wallichii  (fig.  3),  and  A.  tenuisiriata 
(fig.  4).  According  to  the  legend  on  the  plate,  which  is  stated 
to  have  been  **  published  [in]  1829,"  they  all  came  from  "  Sulgranees, 
Nepaul." '  Three  of  these  specimens,  viz.,  the  originals  of  figs.  1, 3, 
and  4,  are  in  the  British  Museum  collection  [No.  0.  6052  <» 
A.  Nepatdensis ;  C.  6041  =  A.  WaUichii;  and  C.  6051  -  A.  Unui- 
striata'],  but  the  fourth,  viz.  the  original  of  fig.  2  {A.  Nepaulensis)^ 

>  G.  C.  Crick:  Proc.  Malac.  Soc.,  vol.  v,  part  4  (April,  1903),  p.  286. 

-  Compare,  for  example,  in  the  two  sets,  pi.  xi,  figs.  1^,  2e ;  pi.  xiii,  fig.  1« ; 
pi.  XV,  fig.  la ;  pi.  ivi,  figs,  la,  2a ;  pi.  ivii,  tigs.  2a,  b ;  pi.  xxi,  fig.  1*. 

•  Respecting  the  localify  of  these  Ammonites  Dr.  W.  T.  Blanfoni,  who  was  for 
many  years  connected  witk  tiie  Geological  Survey  of  India,  writes  (Proc.  Malac.  Soc., 
vol.  V,  No.  6,  October,  1903,  p.  345) : — ^^  So  far  as  I  am  aware,  no  such  nlaoe  as 
'  Sulgranees '  is  known,  and  I  may  add  that  it  is  very  doubtful  whemer  the 
Ammonites  represented  in  the  '  Illuistrations '  came  originally  from  Nepal  at  all ; 
it  is  more  probable  they  were  brought  from  further  west,  from  the  r^on  whence 
Ammonites  have  been  suppUed  to  India  in  all  probabiliiy  for  ages.  It  is  certain 
that  there  has  long  been  an  importation  of  small  Ammonites  into  India  from  the 
Tibetan  side  of  tiie  Himalayas,  chiefly  from  the  Spiti  district,  N.N.E.  of  Simla,  or 
from  the  neighbourhood  of  the  Niti  pass,  north  of  Kumaun.  These  Ammonites, 
together  with  certain  other  stones,  are  known  to  Hindus  by  the  name  of  *■  Saligram.' 
I  think  it  is  probable  that  this  name,  slightiy  modified  and  written  SutgroMet,  has 
been  mistaken  for  the  locality  of  the  fossils." 
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I  have  not  been  able  to  trace.     The  example  of  A.  Walliehii  can 
be  easily  recognized  as  the  figured  specimen ;  and,  although  some  of  ' 
the  matrix  has  been  removed  from  the  examples  of  A,  NepaulennB 
and   A.  tenm$triata   since   Gray's    figures  were   drawn,    there  is 
abundant  evidence  as  to  the  identity  also  of  these  specimens. 

I  have  already  shown  elsewhere  that  Blanford  refigured  Gray's 
types  of -4.  Walliehii  and  A.  tenuistriata  (in  part)  in  pi.  xv,  figs,  la-c, 
and  pi.  XT,  figs.  26,  c,  respectively.  I  also  considered  Gray's  type 
of  A.  Nepaulensis  (fig.  1)  to  have  been  refigured  by  Blanford  in 
pi.  xiv,  figs,  la,  6,  but  quite  recently  I  have  seen  the  original  of 
Blanford's  figure  in  the  Museum  of  the  Geological  Society  of  Loudon 
(R.  10,116).^  Professor  Blake  thought  it  possible  that  this  was 
Gray's  figured  specimen,  but  such  is  not  the  case.  The  Geological 
Society's  collection  also  contains  the  original  of  Professor  Blanford's 
pL  X,  fig.  7  (BelemniteB  8ulcatu$). 

In  the  following  notes  the  species  are  arranged  in  the  order  in 
whidi  they  were  described  in  the  **  Palaeontology  of  Niti,"  pp.  74-88. 

1.   Bblbmnites  suloatus,  J.  S.  Miller. 

(H.  F.  Blanford.  in  J.  W.  Salter  &  H.  F.  Blanford :  Palaeont.  Niti,  1865,  p.  76, 

pi.  X,  fig8.  1-8.) 

Of  the  eight  figured  specimens  seven  are  now  in  the  National 
collection.  These  are  the  originals  of  figs.  1-6  [Nos.  C.  2566- 
C.  2671]  »  and  of  fig.  8  [No.  0.  2672].  They  are  accompanied  by 
a  Jermyn  Street  Museum  label  bearing  the  inscription  ''Oolitic: 
Niti  Pass.  Belemnites  suloatus.  Stra.  Him.  PI.  10.  Pres.  by 
Col.  Strachey."  The  original  of  fig.  6  [No.  C.  2571]  is  marked 
in  ink  **  L "   with  a  cross ;     the  specimen  represented  in  fig.  3 

tNo.  C.  2568]  is  numbered  in  ink  «  1015  "^  the  original  of  ^g.  5 
No.  G.  2570]  is  numbered  *'  1691 "  in  a  similar  manner,  and  each 
of  the  originals  of  fig.  1  [No.  0.  2566],  fig.  2  [No.  0.  2567],  and 
fig.  4  [No.  0.  2569]  is  similarly  numbered  "  1692."  The  original 
of  fig.  8  [No.  0.  2572]  is  numbered  in  ink  "1720";  it  has  been 
broken  across  and  shows  a  subcentral  siphuncle ;  it  does  not  exhibit 
any  depression  near  the  margin  such  as  is  indicated  in  the  figure. 
It  seems,  therefore,  to  be  referable  to  the  genus  Orthoceras,  and  is 
most  probably  of  Triassic  age.  This  age  of  the  specimen  is  supported 
by  its  iithological  character,  which  agrees  with  that  of  the  example 
of  Orthoeeras  pulchellumsk  Triassic  species — represented  in  pi.  viii, 
fig.  105. 

The  specimen  depicted  in  fig.  7  is  now  in  the  Museum  of  the 
Geol(^cal  Society  of  London «  (B.  10,252). 

*  See  Profe68or  J.  F.  Blake,  **  List  of  the  Types  and  Figured  Specimens  in  the 
Oollec^n  of  the  Geological  Society  of  London,*'  1902,  pp.  34  and  65. 

3  The  numbers  in  square  brackets  refer  to  the  Begisters  in  the  Geological  Depart- 
ment, British  Museum  (Natural  History). 

'  From  a  comparison  with  the  Silurian  Cephalopoda  in  the  Strachey  Collection  it 
is  quite  efident  uiat  these  numbers  refer  to  Colonel  Strachey's  Catalogue  of  Localities 
referred  to  by  Salter  on  p.  4  at  the  end  of  his  description  of  Asaphus  emodi. 

*  The  specimen  is  duly  recorded  in  Professor  Blake's  ''List  of  the  Types  and 
Figured  Spedmens  in  the  Geological  Society  of  London,"  1902,  p.  55. 
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Besides  tliese  seven  specimens  five  fragments  were  also  transferrecl 
from  the  Museum  of  Practical  Geology  as  part  of  the  Strachey 
Collection.  They  are  accompanied  by  a  Jermyn  Street  Museum 
label  bearing  the  inscription  **  Oolite :  Niti  Pass.  Belemnites 
sulcatus,  var.  canal iculatus.  Stra.  Him.  PI.  10.  Pres.  by  CoL 
Strachey/'  and  are  now  numbered  0.  2565a-0.  Only  two  of  these 
have  any  original  ink-marks  on  them ;  the  specimen  No.  0.  2565c 
is  numbered  **  1015/'  like  the  original  of  fig.  3,  and  the  example 
No.  C.  25656  is  marked  "  Laptet."  The  "  L  "  of  the  word  Laptet 
is  in  the  same  handwriting  as,  and  precisely  like,  the  ''  L  "  on  the 
specimen  represented  in  fig.  6  [No.  C.  2571].  It  is  therefore 
possible  that  the  *'  L  "  on  that  specimen  may  stand  for  *'  Laptet." 

On  p.  106  of  the  "  PalsBontology  of  Niti,"  H.  P.  Blanford  puU 
Oppel's  Belemnites  Oerardi  as  a  synonym  of  the  present  species,, 
for  which  he  retains  Miller's  name  B.  atdcalui,  this  claiming 
priority  of  publication. 

With  regard  to  the  dimensions  of  the  specimens  Professor  Blanford 
says  :  **  The  largest  specimen  in  Colonel  Strachey's  collection 
measures  as  follows : — length,  3*6  in. ;  antero-posterior  diameter, 
0*9  in. ;  transverse  diameter,  0*9  in."  There  appears  to  be  some 
mistake  here,  because  the  largest  guard  at  present  in  the  collection,, 
the  original  of  fig.  1,  has  the  following  dimensions : — length, 
126-5  mm.  (nearly  5  inches)  ;  antero-posterior  diameter,  30  mm. 
(1-2  in.)  ;  transverse  diameter,  28  mm.  (about  1-1  in.).  The- 
specimen  represented  in  fig.  2  is  nearly  of  the  same  size,  its 
measurements  being  : — length,  115  mm.  (4*5  in.)  ;  antero-posterior 
diameter  (at  about  30  mm.  from  the  anterior  end),  27  mm.  (1-05  in.)  ;^ 
transverse  diameter  (at  same  place),  27  mm.  (1-05  in.). 

2.   Ammonites  alatus  (B.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:  Palaeont.  Niti,  1865,  p.  76,. 
pi.  xyiii,  fig8.  3a,  b,) 

Of  this  species  three  fragments  belonging  to  the  Strachey 
Collection  are  now  in  the  British  Museum.  Two  of  these 
[Nos.  C.  7364a  and  6]  are  accompanied  by  a  Jermyn  Street 
Museum  label  bearing  the  inscription  '*  Oolitic.  Niti  Pass.  Ammonites 
alatus.  Coll.  by  Col.  Strachey,"  but  they  are  not  numbered  in  ink 
like  many  of  the  Strachey  specimens.  With  them  there  is  a 
guttapercha  squeeze  of  the  example  numbered  C.  7364a.  To  the 
third  specimen  [No.  C.  7365],  which  is  numbered  "  1834  "  in  ink,, 
there  is  attached  a  label  bearing  the  words  "alatus.  Spiti  Shales" 
written  in  pencil. 

One  specimen  [No.  C.  73645]  is  merely  the  impression  of  the 
half  of  one  side  of  a  shell ;  the  other  two  [No.  C.  7364a  and 
No.  7365]  are  evidently  "  the  two  fragmentary  casts  "  from  which 
was  "  compiled  "  the  "  restoration  "  that  is  represented  in  Blanford'^ 
pi.  xviii,  fig.  3a.  There  is  no  specimen  in  the  collection  which  can 
be  identified  with  Blanford's  fig.  36,  the  original  of  which  possibly 
furnished  the  dimensions  given  by  the  author. 
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Although  two  of  the  specimens  [Nos.  C.  7364a  and  6]  are  lahelled 
«Niti  Pass"  and  the  third  [No.  C.  7366]  merely  "  Spiti  Shales,'" 
yet  the  matrix  and  mode  of  preservation  of  the  specimens  ara 
such  as  to  lead  one  to  believe  that  they  all  came  from  the  same 
locality. 

3.   Ammonites  Nepavlknsis,  J.  E.  Gray. 

(A.  Nepaulensi*  [sic],  J.  £.  Gray;  Illustr.  Indian  Zool.,  vol.  i,  1830-1832,  pi.  c, 
fies.  1  and  2.  A.  Nepalemis  [sic],  H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F. 
Blanford:  Palaeont.  Niti,  1865,  pi.  xiv,  figs,  la,  b,) 

There  are  two  examples  of  this  species  in  the  National  collection 
[Nos.  0.  5052  and  C.  7687]. 

One  [^o.  C.  5052]  is  undoubtedly  one  of  the  specimens  figured 
by  Gray  (op.  cit,  pi.  c,  fig.  1).^  It  is  accompanied  by  a  label 
belonging  to  the  Museum  of  Practical  Geology  bearing  the 
inscription  "  Oolitic ;  Niti  Pass.  Ammonites  Nepalensis.  Coll.  by 
GoL  Strachey."  This  is  certainly  an  error;  it  could  not  have 
been  collected  by  Colonel  Strachey,  because  the  specimen  was 
figured  in  1830-32  by  Gray,  whereas  Colonel  Strachey*s  specimens 
were  not  obtained  until  the  years  1848  and  1849.' 

The  fossil  is  imbedded  in  a  nodule,  the  greater  part  of  one  side 
only  of  the  specimen  being  exposed.  Since  Gray's  figure  was  drawn 
an  attempt  has  been  made  to  develop  the  fossil.  A  little  more  of 
the  anterior  part  of  the  outer  whorl  has  been  uncovered,  and  some 
matrix  baa  been  removed  in  front  of  the  aperture  so  as  to  display 
the  commencement  of  the  outer  whorl,  but  only  a  little  piece  of  this 
— a  length  of  12  or  13  mm. — has  been  successfully  exposed  close  to 
the  aperture.  The  surface  of  the  rest  of  the  first  third  of  the  outer 
whorl  that  was  covered  by  matrix  when  Gray's  figure  was  drawn 
has  been  injured  during  development.  A  small  piece  of  the  pen- 
ultimate whorl  bearing  five  principal  ribs  has  been  uncovered 
immediately  beneath  the  aperture.  The  ribbing  is  well  preserved 
over  a  little  more  than  half  of  the  outer  whorl ;  it  is  very  regular, 
and  there  are  eighteen  principal  ribs  in  the  last  half- whorl.  Not- 
withstanding the  attempt  at  development  there  is  no  difficulty 
whatever  in  recognizing  the  fossil  as  the  original  of  Gray's  fig.  1. 
A  specimen  in  the  Museum  of  the  Geological  Society  of  London 
(B.  10,116)  is  thought  possibly  to  be  Gray's  type  (fig.  1),  but  an 
examination  of  the  fossil  clearly  shows  that  such  is  not  the  oase.^ 
The  dimensions  of  the  exserted  portion  of  the  fossil,  as  nearly  as  can 
be  measured,  are  : — diameter  of  shell,  101  mm. ;  height  of  outer 
whorl,  46*5  mm. ;  thickness  of  outer  whorl,  estimated  at  about 
37  mm. ;  width  of  umbilicus,  23  mm. 

The  other  specimen  in  the  Museum  collection  [No.  0.  7687} 
bears  a  label  on  which  is  written  in  pencil  simply  the  name 
''A.  iiepa2«fist«";  there  is  no  other  information  with  the  specimen, 

»  G.  C.  Crick :  Proc.  Malac.  Soc.,  vol.  v,  pt.  4  (April,  1903),  p.  285. 
*  Quart.  Joam.  Geol.  Soc.,  toI.  Til  (1851),  p.  294. 

'  See  Professor  J.  F.  Blake's  <*  list  of  we  Types  and  Figured  Specimens  in  the 
CoDeetion  of  the  Geological  Society  of  London,"  1902,  p.  34. 
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but  from  its  lithological  obaraoter  there  can  be  no  doubt  whatever 
that  it  came  from  the  Himalaya ;  it  forms  part  of  a  nodule,  like  so 
many  of  the  Niti  fossils.     It  is  91  mm.  in  diameter. 

I  have  not  been  able  to  recognize  in  the  collection  the  original 
of  Gray's  pi.  c,  fig.  2. 

I  have  elsewhere  expressed  the  opinion  that  the  original  of 
Gray's  fig.  1  was  also  the  original  of  Blanford's  pi.  xiv,  figs,  la,  b,^ 
but  this  statement  is  incorrect,  the  original  of  Blanford's  figures 
being  in  the  Museum  of  the  Geological  Society  of  London  (R.  10,116).' 
Blan ford's  figure  is  reversed.  Both  sides  of  the  fossil  are  free  from 
matrix,  and  well  preserved,  the  side  opposite  to  that  which  is  figured 
being  the  better  preserved  of  the  two.  On  the  figured  side  the 
surface  of  the  first  third  of  the  outer  whorl  has  been  injured  just  as 
in  the  example  figured  by  Gray ;  this  was  evidently  the  septate 
part ;  no  septa  are  visible  on  the  remaining  two-thirds  of  the  whorl, 
which  therefore  most  probably  constituted  the  body-chamber.  The 
inner  whorls,  though  incomplete,  are  better  preserved  than  in  Gray's 
type-specimen.  There  is  a  slight  irregularity  in  the  ribbing  of  the 
outer  whorl,  but  not  nearly  so  much  as  is  indicated  in  the  figure ; 
on  the  side  of  the  specimen  opposite  to  that  which  is  figured  there 
are  33  or  34  principal  ribs  in  the  outer  whorl,  nineteen  of  these 
being  in  the  last  half- whorl.  The  measurements  given  by  Professor 
Blanford  are  as  follows  : — diameter,  4-8  inches  [  =  122  mm."!  ; 
diameter  [or  height]  of  outer  whorl,  2  2  inches  [  =  56  mm.]  ; 
thickness,  1'9  inches  [=  48*5  mm.].  My  own  measurements  of  the 
fossil  are  : — diameter,  121  mm. ;  height  of  outer  whorl,  55  mm. ; 
height  of  outer  whorl  above  preceding,  385  mm. ;  thickness  of  outer 
whorl,  48  mm. ;  width  of  umbilicus,  29  mm. 

4.   Ammonites  tenuistriatus,  J.  E.  Gray. 

(A.  tenuUtriata,  J.  E.  Gray:  lUustr.  Indian  Zool.,  vol.  i,  1830-1832,  pi.  c,  fig.  4. 
A.  tenuittriatm,  J.  E.  Gray:  H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F. 
Blanford,  Palacont.  Niti,  1865,  p.  78  [pi.  xiv,  fig.  2  ?],  pi.  xv,  figs.  2a-c.) 

The  British  Museum  collection  contains  Gray's  type-specimen 
[No.  0.  5051].  It  is  accompanied  by  a  label  belonging  to  the 
Museum  of  Practical  Geology  bearing  the  following  inscription  : 
"  Oolitic ;  Niti  Pass.  Ammonites  tenuistriatus.  Coll.  by  Col.  Strachey 
(belongs  to  Brit.  Mus.),"  but  the  statement  that  it  belonged  to  the 
Strachey  Collection  is  obviously  incorrect,  for,  as  we  have  already 
stated  in  regard  to  A.  liepaulensis,  Gray's  figures  were  published 
many  years  before  Colonel  Strachey 's  specimens  were  collected. 
Although  some  of  the  matrix  has  been  removed  since  Gray's  figure 
was  drawn,  there  are  still  indications  on  the  fossil  of  the  original 
extent  of  the  matrix,  and  there  can  be  no  doubt  whatever  about  its 
being  the  figured  specimen.  I  have  already  shown  elsewhere' 
that  a  portion  of  this  specimen  in  its  present  condition  formed  the 
original  of  Professor  Blanford's  pi.  xv,  figs.  2b,  e. 

>  G.  C.  Crick:  Proc.  Malac.  Soc,  vol.  v,  pt.  4  (April,  1908),  pp.  286-7. 
'  Professor  J.  F.  Blake:    "List  of  the  Types  and  Figured  Specimens  in  the 
Collection  of  the  Geological  Society  of  London,*^*  1902,  p.  34. 
3  G.  C.  Crick:  Proc.  Malac.  Soc,  vol.  v,  pt.  4  (Apii,  1903),  pp.  288-9. 
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The  National  oolleotion  also  contains  the  orij^nalof  pi.  xiv,  ^^.  2 

Sio.  C.  5039]  and  the  natural  raonld  [No.  0.  5086]  from  which 
e  guttapercha  impression  figured  in  pi.  xv,  fig.  2a  was  taken; 
both  specimens  belonged  to  the  Strachey  Collection,  and  were 
transferred  from  the  Museum  of  Practical  Geology  in  1880.  Their 
exact  locality  is  not  recorded;  they  probably  came  from  the  Niti 
Pass,  because  this  is  the  only  locality  given  by  Salter  &  Blanford 
in  their  "  List  of  the  Himalayan  Oolitic  Fossils  from  the  Niti  and' 
"Spiti  Passes  "  (p.  102).  The  specimen  No.  C.  5039  was  accompanied 
by  a  label  bearing  simply  the  name  *'  Amm.  Jubar,  Strachey." 

5.  AiofONiTES  UMBO  (B.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:   Palseont.  Niti,  1865,  p.  78, 
pi.  xyii,  figs.  2a-d.) 

Professor  Blanford  states  that  *'the  only  specimen  in  the 
fStraohey]  collection  is  a  fragment  of  the  whorl  represented 
two-thirds  of  the  real  size."  Tiie  fragment  is  now  in  the  British 
Museum  collection  [C.  5040]  ;  it  was  transferred  from  the  Museum 
of  Practical  Geology,  labelled  "  Oolitic.  Niti  Pass.  Ammonites  umbo 
(Stra.).  Coll.  by  Col.  Strachey."  It  is  numbered  in  ink  "1690." 
It  is  entirely  septate :  the  suture-line  is  well  shown,  but  is  very 
difficult  to  follow ;  its  details  are  not  quite  correctly  represented 
in  the  figure  (2d).  The  suture-lines  are  not  indicated  in  the  figure 
in  the  'Indian'  set  of  the  plates  of  Salter  &  Blanford's  work, 
but  in  the  '  English '  set  they  are  distinctly  represented. 

The  measurements  of  the  specimen,  taken  at  about  its  centre,  are 
as  follows  : — height  of  whorl,  1*5  in.  or  38  mm. ;  width  of  ditto, 
excluding  nodes,  1-9  in.  or  48  mm. ;  width  of  ditto,  including  nodes, 
2-25  in.  or  57  mm.  The  dimensions  given  by  Blanford  are  : — 
diameter  [=  height]  of  whorl,  1*7  in. ;   thickness  [or  width],  21  in. 

On  p.  106  Blanford  places  this  species,  as  well  as  Oppel's 
A,  Seidell,^  as  a  synonym  of  the  species  A.  Hyphaspis,  which  he 
liimself  described  in  1863.' 

6.   Ammonites  quttatus  (R.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:   Palaeont.  Niti,  1885,  p.  79, 

pi.  liii,  fig.  2.) 

The  example  that  was  in  the  Strachey  Collection  is  described  by 
Professor  Blanford  as  *'an  imperfect  external  cast  of  one  side  of 
a  shell."  This  specimen  is  now  in  the  British  Museum  collection 
£No.  0.  7358],  having  been  transferred  in  1880  as  part  of  the 
Strachey  Collection  from  the  Museum  of  Practical  Geology.  It  was 
labelled  "  Oolitic.  Niti  Pass.  Ammonites  guttatus.  Coll.  by  Col. 
fitrachey."  The  figure  given  in  the  "  Palasontology  of  Niti "  is 
a  somewhat  restored,  and  very  unsatisfactory,  representation  of 
a  cast  taken  from  this  natural  mould;  its  unsatisfactory  character 
was  recognized  by  the  author,  who  states  that  <'  the  restoration  here- 
with given  at  Plate  13,  fig.  2,  is    ...     .     erroneous,  the  diameter 

■  Pal.  Mitthefl.,  1868,  p.  283,  pi.  Ixxx,  figs.  3a,  b 


'  Joam. 


Mitthefl.,  1868,  p.  283,  pi.  Ixxx,  figs.  3a,  b, 

D.  Asiatic  ^oc.  Bengal,  vol.  xzxii,  No.  2  (1863),  p.  132,  pi.  iv,  figs.  2, 2a,  2b. 
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of  the  whorls  being  probably  at  least  half  as  much  again  as  they  are 
represented,  while  from  eaoh  tubercle  springs  a  bundle  of  4  or  £^ 
ribs,  which  cross  the  ventral  region  with  a  slight  convex  curve 
towards  the  mouth." 

'  Owing  to  the  imperfection  of  the  external  part  of  the  outer  whorl 
it  is  impossible  to  give  accurate  dimensions  of  the  specimen. 

This  species  was  first  described  in  1863  by  Professor  Blanford,^ 
who  regarded  Oppel's  Ammonitet  CauUeyi '  as  a  synonym.^ 

7.  Ammonites  biplsx,  J.  Sowerby. 

(H.  F.  Blanford,  in  J.  W,  Salter  &  H.  F.  Blanford:   Palaeont.  Niti,  1865,  p.  79,. 

pi.  XI,  figs.  l€h-e ;  pi.  xii,  figs,  lo-c.) 

Professor  Blanford  says: — "Two  specimens  of  this  Ammonite 
Occur  in  the  collection,  together  with  some  impressions  of  the  shell 
on  black  siliceous  nodules.  I  can  detect  no  difference  between  them 
and  the  characteristic  Oxford  clay  specimens  of  Europe.  They  are 
identical  also  in  all  respects  (mineral  character  included)  with  those 
from  Spiti,  lately  described  by  myself,  from  Dr.  Gerard's  collection.** 

From  the  Museum  of  Practical  Geology  were  transferred  two 
specimens  [Nos.  C.  5033  and  G.  5034]  belonging  to  the  Straohey 
Collection,  labelled,  with  one  of  that  Museum's  labels,  '*  Oolitic.  Nitv 
Pass.  Ammonites  biplex.  Coll.  by  Col.  Strachey  " ;  and  two  frag- 
ments [Nos.  C.  7683a,  6]  accompanied  by  a  label,  "A.  biplex. 
Spiti  Shales,"  but  it  is  not  recorded  how  these  were  obtained. 

To  one  of  the  two  Strachey  specimens  [No.  C.  5033]  is  attached 
another  M.P.G.  label,  on  which  is  written  in  ink  simply  the  name- 
"Ammonites  biplex."  This  is  evidently  the  original  of  pi.  xi, 
fig.  la,  the  figure  being  reversed  and  considerably  restored ;  ita 
anterior  end,  however,  does  not  exhibit  a  septal  surface  such  as  is- 
shown  in  fig.  16,  nor  is  its  suture-line  visible ;  it  cannot,  therefore, 
have  formed  the  originals  of  the  figures  lb,  c.  Nor  are  these 
characters  displayed  on  the  other  specimen  [C.  5034]  in  the  Straohey 
Collection.  This  is  numbered  in  ink  "  1032a,"  and  it  also  bears  a  small 
square  white  label,  originally  bearing  the  number  "  24,"  but  this  has 
been  crossed  out  and  the  number  "  1032a "  substituted.  There  i» 
no  specimen  in  the  collection  agreeing  with  figs,  la-c  of  pi.  xii. 
Perhaps  ^g,  la  is  in  part  a  restoration  of  the  example  No.  C.  5034,. 
but  this  is  far  from  certain. 

The  larger  of  the  two  fragments  from  the  "  Spiti  Shales  "  exhibits 
the  suture-line  somewhat  indistinctly,  but  I  do  not  think  it  could 
have  furnished  the  drawing  of  the  suture-line  given  either  in  pi.  xi^ 
fig.  Ic  or  pi.  xii,  tg.  Ic. 

8.  Ammonites  tbiplicatus,  J.  Sowerby. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:   PalaBont.  Niti,  1865,  p.  80^ 
pi.  xiii,  figs.  la-€.) 

Professor  Blanford  says : — '*  This  Ammonite  is  only  distinguished 

»  Joum.  As.  Soc.  Bengal,  vol.  xxxii,  No.  2  (1863),  p.  131,  pi.  iv,  figs.  1,  1«,  I*. 
According  to  F.  Stoliczka,  the  type-specimen  **iB  deposited  in  the  Asiatic  Society's- 
collection,  Calcutta"  (Mem.  Geol.  Surv.  India,  vol.  r,  1866,  p.  104,  footnote). 

»  Pal.  Mittheil.,  iv  (1863),  p.  279,  pi.  Ixxviii,  figs,  la,  b,  2a,  *. 

»  Palseont.  Niti,  1865,  p.  106. 
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from  the  preceding  by  the  fasoionlate  obaraoter  of  the  ribs  in  adult 
«peoimenB,  yoang  shells  of  the  two  speoies  being  undistinguishable." 

Two  specimens  are  represented  on  pi.  xiii.  Figs,  la,  h  are  the 
lateral  and  front  views  (reversed  and  somewhat  restored)  of  the 
specimen  in  the  British  Museum  collection  bearing  the  register 
number  0.  5042.  This  fossil  was  transferred  from  the  Museum  of 
Practical  Geology,  but  there  is  neither  one  of  that  Museum's  labels 
oor  any  other  original  label  with  it,  nor  can  I  see  any  numbers 
written  upon  the  fossil.  But  its  agreement  with  Blan ford's  figure 
<»nnot  be  doubted  for  a  moment.  The  author  gave  no  dimensions^ 
of  the  fossil.  The  measurements  are  : — diameter  of  shell,  85  mm. ; 
height  of  outer  whorl,  28  mm. ;  thickness  of  outer  whorl,  31  mm. ; 
width  of  umbilicus,  37-5  mm.     The  sutures  are  not  shown. 

Fig.  \c  has  been  drawn  from  a  guttapercha  cast  of  a  natural 
mould ;  both  the  cast  and  the  natural  mould  are  in  the  national 
collection  [Nos.  C.  5031  and  5031a].  They  were  transferred  from 
the  Museum  of  Practical  Geology,  and  are  accompanied  by  one  of 
that  Museum's  labels  as  follows : — ''  Oolitic  :  Niti  Pass.  Ammonites 
biplex  (Sow.).  Coll.  by  Col.  Strachey."  This  was  written  in  ink, 
but  the  word  ''  biplex  "  has  been  crossed  out  in  pencil,  and  above  it 
has  been  written  in  pencil  the  name  '*  triplicatus."  The  fossil  is 
clearly  the  original  of  Blanford's  figure,  but  this  rejiresents  only 
a  part  of  the  specimen,  and  has  been  somewhat  restored. 

9.   Ammonites  torquatus,  J.  de  C.  Sowerby. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:   Palaeoiit.  Niti,  1865,  p.  80, 

no  fig.) 

Professor  Blanford's  observations  on  this  species  are  as  follows : — 

"  The  only  character  by  which  I  can  distinguish  this  species  from 
A,  hipUx,  Sow.,  are : — Its  thicker  and  more  depressed  whorls,  and 
a  sh'ght  notching  of  the  ribs  above  the  siphuncle.  These  characters 
are  exhibited  by  the  typical  Cutch  specimens,  as  well  as  by  those  in 
Oolonel  Strachey's  cabinet,  and  also  by  the  specimens  described  and 
figured  by  me,  in  the  Spiti  collection  of  Dr.  Gerard.  The  distinctness 
of  the  notching  and  the  depression  of  the  whorls  vary,  however,  in 
diffisrent  specimens,  and  a  more  extensive  comparison  is  requisite  to 
decide  whether  A,  torquatus  be  really  distinct  from  A,  biplex. 

*•  Mr.  Sowerby,  in  his  description  of  the  figured  specimens  from 
'Gutofa,  states  that  they  are  distinct  from  *  a  Himalayan  species,'  in 
having  an  '  incurved  inner  margin.'  On  comparison  of  the  speci- 
mens, I  can,  however,  detect  no  such  difference,  nor,  indeed,  any 
other  than  that  the  Himalayan  specimens  have  uniformly  more 
numerous  (about  55)  ribs  than  those  from  Cutch,  which  have 
about  45." 

Among  the  specimens  which  were  transferred  from  the  Museum 
of  Practical  Geology  as  the  Strachey  Collection  there  are  four 
examples  [Nos.  C.  7676a-<r)  labelled  "  Oolitic :  Niti  Pass.  Ammonites 
torquatus  (Sow.).  Coll.  by  Col.  Strachey  " ;  of  these,  three  have  the 
broad  whorls  characteristic  of  A.  torquatus^  whilst  the  fourth  has 
somewhat  more  compressed  and  more  finely  ornamented  whorls 
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and  is  oertainlj  specifically  distinct  The  largest  specimeD* 
[No.  C.  7676a],  a  broad-whorled  form,  has  scratched  upon  it  the 
locality  **  Lakur."  Its  dimensions  are  : — diameter  of  shell,  59*5  mai. ;. 
height  of  outer  whorl,  18*5  mm. ;  thickness  of  outer  whorl,  31  mm. ;. 
width  of  umbilicus,  25*5  mm.  The  largest  specimen  but  one  ia 
a  little  better  preserved,  with  sharper  and  somewhat  coarser  orna- 
ments, but  is  not  such  a  broad-whorled  form  as  will  be  seen  f rem- 
its dimensions,  which  are : — diameter  of  shell,  57*5  mm. ;  height  of 
outer  whorl,  17-5  mm. ;  thickness  of  outer  whorl,  26*5  mm. ;  width- 
of  umbilicus,  27*5  mm. 

(To  b€  contimied.) 


V. — Stbvn's  Klint. 
By  the  Rev.  E.  Hill,  M.A.,  F.G.S. 

THE  fine  cli£f  of  Stevn's  Elint  on  the  Danish  coast  is  seldon^ 
mentioned  in  English  geological  writings.  As  it  presents 
a  clean  section  several  miles  long  of  the  uppermost  Danish  Chalk, 
and  is  easily  visited  in  a  day's  excursion  from  Copenhagen,  a  short 
sketch  may  have  some  interest  for  readers  of  this  Magazine.  It  has 
none  of  the  astonishing  scenery  displayed  by  the  coasts  of  Moan 
and  Bugen  ;  the  land  is  level  and  bare,  the  cliff  is  not  broken  and 
not  wooded  :  yet  it  possesses  a  prettiness  of  its  own. 

A  railway  running  south  from  Kjoge,  a  town  south-west  of 
Copenhagen,  forks  at  H^aarlev :  the  western  branch  leads  to  the- 
famons  inland  quarry  of  Fakse,^  the  eastern  to  a  coast  hamlet  called 
Bodvig.  The  Chalk  in  the  cliff  here  is  only  a  few  feet  high,  but 
it  rises  in  the  eastward  direction  and  may  be  followed  along  its 
edge  for  the  fnll  length.  Or  the  train  may  be  left  at  Storre 
Hedinge,  a  little  town  with  a  respectable  hotel,  whence  four  miles^ 
of  roaH  lead  to  the  cliff  at  Hojerup,  where  the  section  is  most 
accessible. 

The  ancient  church  here  stands  on  the  cliff,  closer  to  the  edge 
than  those  at  Dunwich  or  Sidestrand,  and,  unlike  those,  in  full  use- 
Btill.  Guidebooks  print  a  local  legend  that  it  would  have  fallen 
long  ago  but  that  every  Christmas  night  it  shifts  itself  a  hands- 
breadth  (hanefjedy  a  cock's  step)  inland,  to  remain  as  before^ 
uninjured  on  the  brink. 

The  country  traversed  from  Storre  Hedinge  is  level,  almost  with- 
out undulation,  to  the  cliff  edge.  The  cliff  section  shows  this  to  be 
the  upper  surface  of  Glacial  Drift,  here  a  somewhat  earthy  or  silty 
clay,  containing  stones  and  occasional  boulders  up  to  a  foot  across. 
Clean  sections  are  not  very  frequent.  In  these,  as  elsewhere  in 
Baltic  Drifts,  there  is  sometimes  an  appearance  of  divisions ;  e.g., 
about  1  or  1|  miles  north  of  the  Lighthouse  I  noted  (in  descending 
order) :  red  earthy  clay,  3  feet ;  light-brown,  dry,  cracked  clay,  with 
chalk  and  large  boulders,  4  feet  or  more  ;  pale  chalky  clay,  tougher 
and  less  cracked,  with  more  stones  and  flints,  and  with  a  boulder 

1  Commonly,  but  wrongly,  Faxoe.    See  Gbol.  Mao.,  1901,  p.  486. 
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at  its  base,  8  feet  or  more;  tben  ohalk:  the  line  between  the 
•eoond  and  third  members  is  sharp.  One  object  of  my  visit  was  to 
examine  whether  any  disturbanoes  in  the  Chalk  had  a£feoted  over- 
lying beds.  At  Hojerup  the  upper  surfaoe  of  the  Chalk  is  irregular, 
somewhat  following  the  wavings  of  certain  flint  bands  in  it.  There 
was  a  good  section  of  a  drift-filled  hollow,  where  the  drift  showed 
an  appearanoe  of  two  members  with  streaks  like  bedding  near  the 
division.  These  streaks  did  not  bend  down  into  the  hollow.  If 
they  marked  beds,  I  oonbladed  that  here  was  a  hollow  filled  by 
subsequent  deposition,  not  Chalk  with  drift  bent  conjointly.  The 
evidence  would  probably  not  have  convinced  a  leader  of  opposition, 
bat  it  will  presently  be  seen  that  debate  is  silenced  by  a  '  previous 
question.' 

The  Drift  lies  on  an  iiTegular  surface  of  a  white  limestone,  a  rook 
which  nothing  I  have  seen  in  England  represents  or  resembles. 
Nothing  represents  it,  for  here  are  the  veiy  highest  beds  of  the 
Danish  Chalk.  Nothing  resembles  it,  for  we  see  white  limestone 
seamed  with  bands  of  grey  fiint.  Not  flints,  but  flint  (or  ought 
I  to  say  chert  ?)  in  solid  continuous  sheets.  The  flint  is  as  continuous 
as  the  thicker  sheets  of  white  limestone  which  it  divides.  The 
flint  bands  may  reach  as  much  as  8  inches  in  thickness,  and  at 
Hojemp  there  may  be  six  or  eight  in  about  25  or  30  feet  vertical. 
Elsewhere  they  are  often  further  apart  and,  I  think,  fewer.  Their 
ooloar  varies  from  light  to  dark  grey.  The  limestone  resembles 
clunoh  in  colour  and  texture.  It  is  extensively  worked  all  along 
the  cli£f  for  building  material.  It  is  sawn  on  the  spot  into  rectangular 
blocks,  which  are  hoisted  up  to  the  cliff  edge  and  carted  inland  for 
cottages  and  farm  buildings. 

The  flint  bands  in  the  limestone  do  not  lie  horizontal  or  straight. 
They  undulate  gently :  I  estimated  one  arc  to  have  50  feet  of  chord 
to  10  feet  of  vertical  height  (what  when  we  studied  Nekton's 
''Principia"  we  were  taught  to  call  Sagitta).  While  considering 
these  andalations  I  gradually  became  aware  that  they  were  not 
always  parallel.  The  wavy  bands  were  not  identically  bowed  and 
wavy ;  the  intervals  between  them  thickened  and  thinned ;  here 
and  there  a  band  forked  or  died  out.  I  bad  always  supposed  that 
flint  beds  marked  original  horizontal  surfaces  of  deposition,  but 
here  were  surfaoes  which  hardly  could  have  been  all  originally 
horizontal.  Flint  sometimes  fills  cracks  and  joints.  I  began  to 
speculate  on  bowed  surfaces  of  yielding  to  stress ;  segregation 
of  silica  along  bending  lines  of  weakness.  But  this  would  throw 
doubt  on  many  conclusions;  and  undermine  some  theories,  perhaps 
some  of  my  own  as  well  as  others.  While  so  '*  revolving  sweet 
and  bitter  thoughts  "  my  eye  fell  on  a  guidebook  remark — "  Geologists 
regard  the  Fakse  Chalk  as  a  coral-reef."  Stevn*s  Elint  is  only  some 
fifteen  miles  from  Fakse.  So,  after  all,  these  waving  layers,  I  suppose, 
do  indicate  surfaces  of  an  old  sea-floor,  but  an  uneven  one. 

I  find  that  Ussing  ("Danmark's  Geologi,"  p.  82)  regards  only 
a  few  inches  near  the  base  as  representing  the  proper  Fakse  beds. 
He  designates  the  30  or  40  feet  above  as  Limsten,  and  considers 
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this  a  deep-water  deposit;  though  in  earlier  days  Forchhammer 
had  attributed  the  irregularity  to  shallowness  and  nearness  to  land. 
The  series  as  a  whole  is  designated  the  Newer  Chalk. 

At  the  base  of  this  Newer  Chalk  I  noticed  a  few  inches  of 
breociated  rock,  possibly  the  part  said  to  represent  the  Fakse  beds. 
All  below  is  often  hid  by  a  talus-slope,  some  thirty  or  forty  feet 
high.  Where  this  has  been  cleared  away  there  is  exposed  also 
chalk,  but  a  different  chalk.  It  is  softer,  whiter,  and  shows  lines  of 
flints  (flints,  not  flint;  the  black  nodufes  with  white  skins  that 
we  know  so  well  in  our  cliffs  of  Albion).  It  is  designated  by  the 
Danish  geologists  Writing  Chalk  {Skrivehalk,  translating  the 
German  Schreibekalk).  The  boundary  between  it  and  the  over- 
lying Newer  Chalk  is  straight,  and  the  lines  of  flints  in  it  are 
straight  also.  This  disposes  of  the  question,  mooted  above,  as  to 
the  origin  of  a  drift-filled  hollow.  It  shows  that  such  hollow  cannot 
be  due  to  bending,  for  the  Writing  Chalk  is  not  bent.  My  hope  of 
evidence  on  the  question  whether  the  Drift  has  been  affected  by 
movements  in  underlying  beds  was  destroyed.  The  chalk,  however, 
has  been  slightly  moved.  A  distant  view  of  a  long  stretch  of  cliff, 
south  of  Hojerup,  seemed  to  show  a  straight  junction-line  between 
the  two  chalks,  with  a  straight  line  of  flints  in  the  lower,  which  rose 
northwards,  approximating  to  the  junction-line.  (This  would 
indicate  some  interval  of  time  between  the  two.)  Also,  the  top  of 
the  Writing  Chalk,  which  at  Hojerup  is  perhaps  30  feet  al)ove  sea- 
level,  some  three  miles  north,  at  Eskesti,  has  risen  to  the  top  of  the 
cliff,  about  80  feet  high.  Though  the  Newer  Chalk  is  absent 
there,  it  again  caps  the  cliff  a  little  further  north,  at  Mandhoved 
Pynt,  120  feet  high,  the  highest  ground  of  the  cliff.  At  Eskesti  is 
an  extensive  quarry  in  which  the  straight  parallel  lines  of  flints  are 
numerous  and  conspicuous. 

This  lower  Writing  Chalk  yields  to  the  sea-waves,  and  leaves  the 
Newer  Chalk  overhanging  it  as  a  great  cornice  along  most  of  the 
cliff.  In  consequence  the  beach  can  seldom  be  reached  except  by 
aid  of  ladders.  In  five  or  six  miles  of  cliff  there  were  only  five  or 
six  spots  where  I  found  paths  continuous  down  to  the  sea.  The 
waste,  however,  must  be  slow,  as  the  legend  quoted  above  will  show. 
Signs  of  landslip  were  rare.  Even  gullies  in  the  cliff  edge  were 
shallow  and  short ;  only  one  ran  100  yards  inland.  The  contrast 
between  this  level  platform  and  the  broken  surfaces  of  Moen  and 
Kiigen  was  as  great  as  that  of  Rugen's  steeply  dipping  flint  lines  or 
Moen's  contorted  and  shattered  strata  with  these  even,  regular  beds. 
The  three  localities  have,  however,  much  in  common.  They  are  all 
Chalk  mantled  with  Drift;  they  all  face  east;  they  all  stand  out 
into  the  Baltic,  lofty  bastions  against  its  assault. 

The  level  strata  of  this  cliff  suggest  one  important  reflection. 
Stevn's  Elint  presents  vertical  faces,  sometimes  over  100  feet  high, 
to  the  south,  east,  and  north.  I  saw  the  greater  part,  and  saw  no 
dislocation  or  disturbance  of  beds.  Not  twenty  miles  off,  across  the 
sea,  is  the  mainland  of  Sweden.  Where  were  these  cliffs  when 
a  Northern  Ice-sheet  advanced  ?  Or,  what  was  the  Northern  Ice-sheet 
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^hen  it  advanced  against  these  oliffa?  Were  the  oliffs  then  safe 
4)eneath  the  sea  ?  Or,  waa  the  ice-sheet  aooommodating  and  pliable  ? 
The  beds  are  undisturbed.  **  Facts  bein*  stubborn  and  not  easy 
drove,"  says  Mrs.  Gamp.  Was  Stevn's  Klint  stubborn  ?  At  any 
•rate,  it  is  a  fiact. 

A  Tongue  of  Olaeial  Clay. 

At  Rodvig,  on  the  west  side  of  its  little  port,  the  top  of  the  Stevn's 
Klint  Chalk  is  only  about  eight  feet  above  sea-level.  Over  it  lies 
eight  or  ten  feet  of  Glacial  Clay.  The  line  between  Chalk  and 
Clay  was  clean  and  clear,  roughly  but  not  perfectly  level.  At 
one  spot  a  tongue  of  clay  ran  into  the  chalk,  about  twelve  feet 
long,  not  more  than  three  inches  at  its  thickest.  Such  tongues  are 
often  to  be  seen  at  such  junctions,  but  this  attracted  my  attention. 
The  cliff  faced  south ;  the  point  of  the  tongue  was  on  my  right  hand, 
and  its  connection  with  the  mass  of  clay  on  the  left ;  the  tongue 
therefore  entered  the  chalk  from  the  west  Any  ice-sheet  at  this 
spot  may  have  been  moving  from  north  or  east,  but  no  one  would 
'imagine  a  movement  from  the  west  The  tongue  was  not  thrust  in 
by  an  ice-sheet. 


clay 


chalk 


Fio.  1.— Tongue  of  Clay  in  Chalk. 
In  the  clay  of  this  tongue  were  two  or  three  flints;  one,  pear- 
shaped  with  a  narrow  stem-end,  had  this  narrow  end  imbedded  in 
<he  lower  surface  of  the  chalk,  while  its  thicker  part  extended  nearly, 
but  not  quite,  to  the  top  of  the  clay.  It  was  tft  tiiii,  but  any  thrust 
would  have  displaced  it.  So  this  clay  had  not  been  introduced  by 
thrust,  neither  had  any  horizontal  pressure  acted  on  the  flint. 
The  fissure  filled  with  clay  may  have  been  made  by  solution  of 
water  percolating  along  a  crack,  or  by  repeated  freezing  and 
-expanding  of  water  in  such  a  crack,  or  by  some  lifting  of  an  attached 
cake  of  ice  ;  but  certainly  by  no  horizontal  force. 


chalk    jtirtt       flint 


Fio.  2. — Middle  portion  of  above,  enlarged. 
[Figure  represent  tracing  of  diagrams  in  notebook  made  on  the  spot."] 

It  may  be  worth  while  to  notice  carefully  such  tongues  elsewhere, 
in  case  some  of  them  may  afford  evidences  of  their  causes.  Here 
the  Danish  Clay  seems  to  have  put  out  its  tongue  against  a 
Baltic  Qlacier. 
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Becent  Ice-Transport. 
The  following  extract  from  a  sixpenny  Danish  Tourist's  Onide 
to  Ejoge  and  Stevn's  Elint  seems  worth  reproducing: — [Near 
Yemmetofte]  ''in  the  shore-wood  there  lies  some  distance  from 
the  water  a  vast  block,  called  Musestenen,  as  large  as  a  labourer's 
hut ;  in  the  severe  winter  of  1895  this  was  carried  by  the  ioe 
several  hundred  alen  {al,  about  two  feet)  away  from  the  water^ 
inland." 
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I. — Bound  Eamohenjunoa,  a  Nakbativb  of  Mountain  Tbavkl 
AND  ExPLOBATiON.  By  DouoLAS  W.  Freshfield  ;  with  an 
Appendix  on  the  Geology,  eta,  by  Professor  Gabwood,  F.G.S. 
pp.  xvi  and  367;  42  illustrations  and  3  maps.  (London:  Edwin 
Arnold,  publisher  to  H.M.  India  Office,  1903.     Price  Ids.  nett.) 

THE  somewhat  restricted  territory  of  Sikhim,  lying  as  it  does 
between  the  native  Himalayan  States  of  Nepal  and  Bhotan,  i» 
yet  extensive  enough  to  enable  the  European  traveller  to  penetrate 
into  the  heart  of  the  mountainous  region  of  the  eastern  Himalayas, 
which  is  dominated  by  the  stupendous  mass  of  Kanohenjunga.  The 
most  ordinary  globe-trotter  nowadays  can  take  his  trip  to  Darjiling 
and  there  enjoy  the  world-famed  view  of  the  monarch  of  the  Sikhim 
mountains.  Nay,  more,  from  a  point  in  the  neighbourhood  easily 
accessible  he  may,  under  favourable  circumstances,  obtain  a  telescopic 
view  of  the  still  mysterious  Everest  group,  which  the  jealousy  of 
the  Khatmandu  Government  is  reserving,  perhaps,  for  the  mountain- 
climbers  of  the  middle  of  the  twentieth  century. 

Beturning,  however,  to  the  subject  of  Eanchenjunga,  it  is  one 
thing  to  admire  a  mountain,  and  another  thing  to  go  round  it,  as  did' 
Messrs.  Freshfield,  Garwood,  and  the  Sellas,  during  the  early  Autumn 
of  1899.  Mr.  Freshfield  is  a  mountaineer  and  traveller  of  great 
experience,  and  he  states  emphatically  his  conviction  that  nowhere 
else  on  the  earth's  surface  can  there  be  found,  within  so  small 
a  radius,  a  combination  of  tropical  luxuriance,  sylvan  beauty,  and 
mountain  sublimity  equal  to  that  which  meets  the  traveller's  eyes 
among  the  valleys  and  highlands  of  Sikhim  and  Eastern  Nepal. 
It  is  small  wonder,  therefore,  that  such  a  country  should  have 
attracted  a  certain  amount  of  notice  from  previous  writers.  Of 
these  he  principally  mentions  two,  viz.  Sir  J.  D.  Hooker  and 
Major  Waddell,  both  of  whom  have  contributed  largely,  with  pen 
and  pencil,  to  the  description  of  this  wonderful  region.  There  is 
probably  no  one  interested  in  '  earth-science '  who  has  not  at  some 
time  of  his  life  read  with  delight  **  Hooker's  Himalayan  Journals,'* 
written  in  the  middle  of  the  nineteenth  century.  With  good  reason 
has  the  author  of  the  present  work  thought  fit  to  dedicate  it  to 
"  The  pioneer  of  mountain  travel  in  the  eastern  Himalayas,"  whose 
graphic  pages  and  characteristic  illustrations  are  by  no  means 
superseded  even  at   the  present  day,  whilst  in  the  comparative 


Digitized  by  VjOOQ  IC 


JBmetM — D.  W.  Freahfield — Round  Eanchenjunga.        75- 

facility  with  which  he  ooald  at  that  time  travel  in  eastern  Nepal 
he  enjoyed  advantages  denied  to  more  recent  explorers. 

In  the  present  case  photography  has  largely  contributed  to  the- 
▼aloe  of  "  Bound  Eanchenjunga,"  and  for  most  of  these  illustrations 
the  author  is  indebted  to  Signer  Yittorio  Sella,  who  had  previously 
proved  his  skill  as  a  mountain  photographer  in  the  Alps,  in  the 
Caaoasus,  and  in  Alaska.  Prints  of  the  original  photographs  have 
already  been  in  the  hands  of  the  public,  and  some  of  the  illus- 
trations have  appeared  in  scientific  periodicals.  As  regards  maps, 
Mr.  Freshfield  complains  of  the  inadequate  delineation  of  the 
glaciers  of  Eanchenjunga.  ''Even  Sir  Joseph  Hooker,"  he  says, 
"  had  not  approached  near  enough  to  it  to  explore  its  glaciers,  which 
had  consequently  never  been  described  by  any  competent  hand ; 
while  many  of  them  had  never  been  visited  by  Englishmen.  In 
the  sheets  of  official  surveys  they  had  been  alternately  ignored 
and  caricatured.  There  was  no  map  in  existence  which  evei^ 
pretended  to  show  the  snows  and  glaciers  of  the  region  on  any 
system  recogpiized  in  modern  scientitic  surveys."  Consequently  wo 
are  presented  with  what  Mr.  Freshfield  considers  a  glacier-map  of 
8ikhim  should  be,  and  in  the  construction  of  this  be  has  mainly 
been  indebted  to  his  companion  Professor  Garwood.  This  map  is 
a  well-executed  piece  of  work,  and  we  doubt  not  that  it  attains  to 
a  fair  accuracy  of  detail  in  those  glacier-basins  which  the  travellers 
themselves  explored. 

80  far  as  we  are  aware,  no  glacier  region  of  the  Himalayas  has 
been  more  characteristically  delineated,  and  certainly  in  the  eastern 
Himalayas  nothing  approaching  the  execution  of  this  glacier-map 
of  Eanchenjunga  has  ever  been  attempted.  The  topography  of  this 
hnge  mountain-knot,  the  ridge  and  valley  system,  the  crests  that 
are  crowned  with  perpetual  snow,  and  the  hollows  that  are  filled  with 
ever-moving  ice,  all  are  brought  out  in  a  way  which  should  rejoice 
the  chartographer.  Roughly  speaking,  Eanchenjunga  is  a  gigantic 
cross,  where  a  north  and  south  ridge  intersects  with  an  east  and 
west  ridge.  The  north  summit  of  Eanchenjunga,  28,150  feet,  results 
from  the  intersection  of  the  northern  arUe,  whose  buttress  may  be 
taken  as  the  Pyramid,  23,350  feet,  with  the  very  crooked  western 
arUe,  whose  buttress  is  the  wonderful  mountain  Jannu,  25,300  feet. 
The  Boathem  summit  of  Eanchenjunga,  27,280  feet,  distant  rather 
less  than  a  mile  from  its  neighbour,  results  from  the  intersection 
of  the  soothem  ar^U,  whose  buttress  is  Eabru,  24,115  feet,  with  the 
eastern  ariU^  whose  buttress  may  be  taken  as  Simvu,  22,300  feet ; 
or,  if  we  extend  the  point  a  little  further  to  the  eastward,  we  reach 
Siniolchum,  22,570  feet,  a  most  picturesque  mountain,  which  serves 
both  Waddell  and  Freshfield  for  a  frontispiece.  In  the  hollows 
between  these  aritf  we  have,  on  the  east,  the  gigantic  Zemu  glacier^ 
on  the  north-west  the  Eanchenjunga  glacier,  on  the  south-west 
the  Talnng  glacier,  on  the  south-east  the  Talung  glacier, — all  four, 
not  to  speak  of  minor  ice-flows,  radiating  from  the  central  massif 
of  Kanchenjanga. 

llie  first  attempt  of  the  party  to  round  the  mountain  was  by  way 
of  the  Zemu  glaoiar,  and  they  attained  an  elevation  towavds  the 
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<iipper  part  of  this  immense  mer  de  gJace,  which  plaoed  them  face 
to  face  with  its  precipitous  eastern  cliffs.  At  that  time  it  would 
fieem  that  one  of  their  possible  objectives  was  to  cross  a  depression 
•in  the  northern  arite,  known  as  the  Nepal  gap,  21,000  feet,  and  so 
descend  on  the  western  or  Nepal  side.  All  these  hopes  were 
frustrated  by  an  unprecedented  snowstorm,  and  ultimately  they 
had  to  make  a  long  detour  north-eastwards  into  the  Lhonak  valley, 
where  the  lines  of  the  landscape  are  those  of  an  ice-protected  region. 
"  The  gentle,  smooth  surfaces  of  the  lower  slopes  are  obviously 
•due  to  their  long  protection  by  snow  and  ice  from  the  destructive 
agencies  of  air  and  water,  and  the  rapid  alternations  of  frost  and 
^eat  that  have  carved  out  the  loftier  ridges  and  deeper  valleys 
further  south.  It  is  a  land  of  moraines,  the  monuments  of  departed 
•or  diminished  glaciers.  Their  vast  dykes  stretch  along  the  hill- 
sides or  cross  the  valleys,  enclosing  flats  that  were  first  glacier-basins 
«nd  afterwards  lake-basins."  Further  on  he  says  of  the  Lhonak 
landscape :  "  The  rock  surfaces  are  protected  by  a  coverlet  of  snow, 
formerly  permanent,  even  now  raised  only  for  a  few  weeks  in  the 
year.  The  action  of  water  is  consequently  insignificant.  The 
process  of  valley  formation  is  checked,  and  the  hillsides  are  scored 
by  no  deep  lateral  ravines."  This  is  a  valuable  lesson  in  rock 
erosion  which  geologists  may  gladly  accept  from  so  experienced 
s,  mountaineer  as  Mr.  Freshfield. 

After  toilsome  journeyings  in  this  region  the  party  began  to 
approach  the  continuation  of  the  northern  ridge  or  ar4te  of  Kanchen- 
gunja,  taking  to  the  ice  once  more  at  a  considerable  elevation,  and 
gradually  working  their  way  upwards  until  they  attained  a  height 
of  20,207  feet  on  the  Jonsong  La,  on  whose  further  side  they  had 
their  first  peep  into  Nepal.  This  was  the  supreme  moment.  It 
was  doubtful  if  their  native  guide  had  ever  been  there  before,  whilst 
the  prospect  on  the  western  side  of  the  pass  had  all  the  appearance 
•of  an  appalling  cul  de  sac,  whose  possible  outlet  was  completely 
concealed  by  the  sinuosities  of  its  containing  walls.  **  Lasciate 
ogni  sperauza  voi,  che'ntrate"  might  well  have  been  the  feeling 
of  some  members  of  the  expedition,  but  the  stem  determination  of 
the  leader  prevailed,  and  down  they  all  went  into  the  abyss. 

They  were  presently  rewarded,  however,  by  a  view  of  the  north- 
western face  of  Kanchenjunga,  hitherto  unseen  by  European  eyes. 
***  From  this  point  of  view,"  the  author  says,  "  as  from  all  others,  except 
the  Guicha  La,  it  appears  as  a  colossal  screen ;  but  here,  in  place  of 
gigantic  rock  precipices,  it  shows  a  snowy  face."  Continuing  their 
descent,  they  obtained  evidence  that  the  gorge  they  were  traversing 
had  an  opening  into  the  lower  world,  and  they  ultimately  encamped 
at  an  angle  known  as  Pangperma,  where  they  found  themselves 
face  to  face  with  the  glacier  which  descends  directly  from  Kanchen- 
junga and  joins  the  one  by  whose  course  they  had  come  down. 
From  this  point  was  obtained  the  famous  panoramic  photograph 
which  faces  p.  172,  and  which  may  be  regarded  as  a  complete 
picture  of  the  Kanchenjunga  group  as  seen  from  the  north-west 
Continuing  down  the  gorge  of  the  Kangchen  river,  they  passed  from 
the  U-shaped  valley  of  ice  erosion  into  the  V-shaped  valley  of  water 
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action,  and  finally  reached  the  inhabited  village  of  Khunza,  wheifr 
the  party  found  themselves  on  Hooker's  track  of  fifty  years  ago. 
Having  than  far  stolen  a  march  on  the  Nepalese  authorities,  it  wa» 
advisable  to  return  into  Sikhim  as  quickly  as  possible.  This  was 
effected  by  way  of  the  Chnnjerma  pass,  immortalized  by  Hooker 
in  bis  famoos  view  of  Jannu,  and  finally  by  way  of  the  Rang  La» 
16,313  feet,  where  they  crossed  the  continuation  of  the  southern 
ridge  into  territory  under  British  protection.  From  Jongri  they 
reconnoitred  the  southern  approaches  of  Eanchenjunga. 

Professor  Garwood  contributes  an  appendix  on  the  geological 
Btmoture  and  physical  features  of  Sikhim,  which  country,  he  says, 
consists  entirely  of  crystalline  rocks  for  the  most  part  of  a  uniform 
and  commonplace  type.  But  to  the  physical  geographer  and 
petrologist  the  country  is  rich  in  suggestive  facts,  whilst  the 
theoretical  problems  raised  must  await  a  more  detailed  survey.  He 
does  full  justice  to  the  accuracy  of  Hooker's  original  observations, 
and  refers  to  attempts  which  have  been  made  by  Sherwill  and 
others  to  study  the  geology  of  the  region.  He  has  prepared  what 
he  calls  "material  for  a  geological  map  of  Sikhim,"  which  is,  in 
fact,  a  good  unshaded  topographical  map  with  the  local  geological 
features  marked  in  red  ink. 

Limiting  our  remarks  to  the  western  side  of  the  deep  Teesta 
valley,  and  more  especially  to  the  neighbourhood  of  Eanchenjunga, 
we  note  the  prevailing  dips  to  be  about  east-north-east,  the  rock  a 
denoted  being  mainly  varieties  of  gneiss  with  some  mica-schists  and 
quartzites.  Frequently  it  happens  that  the  higher  grounds  present 
the  smallest  degree  of  inclination.  Thus,  on  or  near  Jannu  dips  to 
the  eastward  of  6^  and  10°  are  noted.  The  curious  rock-tower  oft 
the  summit  of  Jannu,  judging  from  pictures,  has  almost  the  appear- 
ance of  a  horizontal  sedimentary  series,  but  since  the  actual  nature 
of  the  rock  is  probably  unknown  the  appearance  taken  for  dip  may 
be  deceptive.  Selecting  another  buttress  of  the  central  massif,  viz. 
Kabru,  this  is  marked  as  augen-gneiss  dipping  east-north-east  20°. 
The  mighty  precipices  north-east  of  Eanchenjunga  towards  the 
bead  of  the  Zemu  glacier  are  marked  as  ''fine  gneiss,  intrusive 
sheets  of  white  granite  and  pegmatite,"  dipping  5°  to  the  westward. 
On  the  other  hand,  very  high  dips,  approaching  the  vertical,  are 
noted  towards  the  termination  of  the  Zemu  glacier  in  rock  describe() 
as  "gneiss  with  pegmatite."  This,  of  course,  is  in  a  comparatively 
low  position ;  we  likewise  notice  in  the  principal  valley  of  Lhonak 
dips  of  30°  to  the  southwards  in  quartzose  gneiss.  Again,  in  the 
deep  valleys  of  the  Rangit  river-system,  between  Darjiling  and 
Jongri,  are  shown  high  dips  in  all  directions,  though  not  seldom  to 
the  westwards,  in  mica-schists  and  gneiss.  In  these  crystalline 
rocks  the  observed  dip  is  more  or  less  an  unknown  quantity ; 
nevertheless,  in  the  sedimentary  beds  of  portions  of  the  north-west 
Himalayas  the  feature  of  high  dips  in  the  valleys  and  lower  dips  on 
the  hill-tops  is  by  no  means  uncommon. 

The  petrology  of  Eanchenjunga  and  its  buttresRes  is  made  out 
partly  by  way   of  inference   from   boulders   in   the  moraines,  and 
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partly  from  obseryations  in  niiii.  No  one,  we  presame,  has  hitherto 
olosely  approached  the  aotual  throne  of  the  monarch,  which  probably 
oonsists  of  fine  white  or  grey  granite  in  a  setting  of  augen-gneiss, 
which  latter  is  by  far  the  most  abundant  rock  variety  throughout 
the  immediate  vicinity  of  this  mountain  mass.  Of  aotual  granite 
the  indications  are  by  no  means  numerous.  During  the  descent 
of  the  Jonsong  glacier  the  party  had  good  opportunities  for  observing 
the  northern  precipices  of  Eanchenjunga.  "  In  their  lower  portion, 
at  all  events,  they  appear  to  be  formed  of  massive  augen-gneise 
penetrated  by  pegmatites,  these  being  the  only  rooks  found  on  the 
moraines  of  the  Kanchenjunga  glacier.  Sometimes  the  gneiss  is 
finer  and  contains  hornblende,  but  this  mineral  is  absent  from  the 
Kanchenjunga  gneiss,  and  it  is  probable  that  the  hornblende-bearing 
variety  belongs  to  a  di£ferent  rock  into  which  the  augen-gneiss  is 
intruded.  This  gneiss  forms  the  cliffs  of  the  Eangbachen  and 
Khunza  valleys,  and  is  recorded  by  Hooker  as  occurring  also  further 
west  in  the  Yangma  valley  as  far  north  as  he  penetrated.  The  same 
rocks  again  appear  to  form  the  massive  walls  of  Janna,  and  to 
stretch  south-east  to  Eabru  and  the  Guicha  La."  This  class  of  rock 
Professor  Garwood  regards  as  a  foliated  granite  intrusion.  Its 
composition  is  simple,  consisting  almost  entirely  of  porphyritic  eyes 
of  white  orthoclase  embedded  in  a  foliated  matrix  of  biotite,  quartz, 
and  plagioclase  felspar.  Crystals  of  tourmaline,  hornblende,  and 
garnet  are  invariably  absent  from  the  typical  augen  rook,  bat  are 
plentiful  in  the  pegmatites  associated  with  it. 

There  remains  one  more  subject  for  consideration  with  reference 
to  the  geology  of  this  region,  viz.  the  absence  of  specifically  recog- 
nizable fossils,  although  there  are  evidences  of  altered  limestones 
in  connection  with  the  gneissic  masses.  Three  distinct  and  widely 
separated  localities  are  marked  on  the  geological  map  as  follows  : — 

(1)  In  the  far  north-east,  near  the  Donkhya  Pass  and  Cholamo 
Lake,  where  Hooker  observed  **  fossil  limestone,  mach  foliated  and 
faulted;  blue  pisolitic  conglomerate;  shale  and  iron  pyrites,  some 
crystalline  with  encrinites,  and  (?)  nummulitee  too  altered  for 
determination."  This  is  at  an  elevation  of  over  18,000  feet  on  the 
borders  of  Thibet. 

(2)  Still  on  the  Thibetan  frontier,  near  the  Chortenima  La,  which 
has  an  elevation  of  18,650  feet,  and  only  a  little  to  the  north  of 
the  track  to  the  Jonsong  Pass,  are  **  altered  limestones  with  Orinoid 
stems;  sandstone  altered  into  quartzites,  and  tourmaline-oaloite 
rooks."  One  might  be  inclined  to  believe  that  these  are  limestones 
of  Carboniferous  age  which  have  undergone  alteration  from  oontaot 
with  an  igneous  mass.  Supposing  them  to  be  Carboniferous  and 
not  Eocene  limestones,  their  presence  has  no  particular  bearing 
on  the  age  of  this  part  of  the  Himalayan  uplift,  though  there  is  no 
reason  to  suppose  that  such  uplift  is  otherwise  than  Tertiary  in  date. 

(3)  On  the  western  slopes  of  Pandim  (22,020  feet)  we  find 
indicated  on  the  map  **  roetamorphic  sedimentary  rook,  with 
intrusive  pegmatites  and  hornblende  gneiss."  These  appearances 
'had  already  been  described  by  Hooker  from  a  distauoe  as  looking 
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like  a  stratified  serie$  into  which  veins  of  igneous  rock  had  been 
injected — an  inference  rnnoh  to  the  credit  of  his  powers  of  observance, 
the  more  so  since  the  feature  seems  to  have  escaped  the  notice  of 
eabseqoent  investigators.  The  rocks  of  this  series  show  great 
variety  in  hand  specimens,  but  two  types  predominate,  one  of  which 
is  of  considerable  mineralogical  interest.  Under  the  microscope 
this  green-bedded  rook  is  found  to  contain,  in  addition  to  garnet  and 
^pidote,  a  considerable  quantity  of  soapolite  and  white  augite,  which 
latter  is  plentiful  together  with  numerous  crystals  of  sphene. 
"  The  abundance  of  scapolite  in  an  undoubtedly  altered  calcareous 
shale  is  perhaps  the  most  noteworthy  feature  of  this  rock."  Thus 
we  find  that  if  this  metamorphio  series  has  so  far  contributed  nothing 
organic  which  might  throw  any  light  on  its  age  or  origin,  yet  as 
a  contact  rook  it  produces  a  greater  variety  of  minerals  than  the 
more  massive  gneisses  which  surround  it 

The  general  conclusion  to  which  Professor  Garwood  arrives  is, 
that  the  bulk  of  the  gneiss,  and  particularly  the  augen-gneiss,  must 
be  regarded  as  an  igneous  rock,  and  he  is  disposed  to  attribute  the 
metamorphism  of  the  sedimentary  series  directly  to  its  intrusion. 
The  evidence  is  in  favour  of  the  sedimentary  series,  in  two  cases 
at  least,  being  of  Palaaozoio  age,  and  he  suggests  that  the  gneiss  was 
in  traded  as  a  huge  laooolitic  mass  during  the  folding  which  accom- 
panied the  elevation  of  the  range.  Such  a  fan-like  fold  would  help 
to  aoooant  for  the  inverted  dip  of  the  beds  towards  the  roots  of  the 
-chain,  a  feature  which  seems  to  be  in  accordance  with  the  inward 
dip  of  the  foot-hills  in  parts  of  the  north-west  Himalayas. 

W.  H.  H. 

II. — ^Thb  Evolution  of  Eabth  Stbuotubb,  with  a  theory  of 
GBOMOBPHio  OHANGBS.  By  T.  Mbllabd  Bbadb,  F.G.S.,  etc. 
pp.  XV,  342,  with  forty  plates.  (London :  Longmans,  Green,  <fe  Co., 
1903.     Price  21».  net.) 

f  IIHE  volume  before  us  may  be  taken  as  the  sum  and  substance 
L  of  the  author's  observations  and  conclusions  with  respect  to 
the  stmctare  of  the  earth,  the  changes  which  the  rocks  have 
•undergone,  and  the  origin  of  the  movements  which  have  effected 
the  earth's  crust.  While  he  claims  that  <' Nearly  the  whole  of 
the  matter  is  original,  and  the  greater  part  quite  novel,"  it  is 
finderstood  that  this  applies  to  work  that  has  extended  over  some- 
thing like  forty  years,  and  that  much  has  previously  been  printed 
tn  Journals  and  Proceedings  of  Scientific  Societies,  in  his  essay 
on  '^ Chemical  Denudation  in  relation  to  Geological  Time"  (1879), 
and  in  his  volume  on  **  The  Origin  of  Mountain  Ranges  considered 
experimentally,  structurally,  dynamically,  and  in  relation  to  their 
Oeologioal  History"  (1886).  This  last  work  was  reviewed  by 
the  Bev.  Osmond  Fisher  in  the  Gbolooioal  Magazine  for  1887 
(pp.  229-233). 

The  present  work  is  divided  into  three  *  books,'  of  which  the  first 
deals  with  geomorphic  changes.  The  enbjeot  is  illustrated  by 
a  oselbl  diagram^  drawn  to  scale,  showing  half  the  sphere ;  with 
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(1)  its  interior  spheroid  or  nucleus,  ''considered  by  many  physicist* 
to  be  mainly  iron/'  (2)  a  500-miie  zone  or  shell  of  igneous  magma, 
and  (3)  the  lithosphere,  30  miles  thick.  The  ten-mile  zone  of 
elevation  and  depression  is  shown  by  a  strong  line  ;  within  it  ''  ail 
the  denudations,  depositions,  depressions,  and  elevations  of  the 
surface  of  our  planet  take  place."  A  diagram  of  this  kind  is  alway» 
useful.  We  have  one  before  us  now,  printed  in  1851,  by  James 
Nasmyth.  It  represents  an  arc  of  a  circle  64  feet  in  diameter  on 
which  are  indicated  the  relative  magnitude  of  several  mountains, 
the  deepest  mine,  and  the  probable  mean  elevation  of  dry  land. 
Nasmyth  rightly  remarked  that  **  In  contemplating  Geological 
Fheuoiiiena,  nothing  more  directly  aids  the  mind  in  arriving  at 
correct  conclusions  than  the  useful  practice  of  comparing  the^ 
magnitude  of  all  such  phenomena  to  that  of  the  Earth  itself." 

Mr.  Mellard  Reade  starts  with  the  recorded  instances  of  elevation 
and  depression,  making  special  though  brief  reference  to  those  of 
Pleistocene  and  later  times,  such  as  Raised  beaches.  Submerged 
forests,  and  'Drowned  valleys.'  These  in  some  cases  may  have 
been  contemporaneous;  the  40ft.  beach  at  Irvine,  in  Ayrshire, 
being  linked  with  a  10  ft.  beach  in  the  Isle  of  Man,  and  with 
a  depression  on  the  shores  of  the  Bristol  Channel.  In  other  cases- 
the  evidence  of  '  raised  beaches,'  which  indicate  a  former  submersion 
of  four  or  ^^e  thousand  feet,  requires  confirmation. 

Admitting  movements  of  1,000  feet,  the  author  proceeds  to  show 
that  these  oscillations  of  level  cannot  be  due  mainly  to  the  shifting 
of  weight  by  denudation  and  sedimentation,  though  such  changes 
exert  influence  in  combination  with  other  agencies.  He  believes 
that  the  relative  proportions  of  land  and  water  have  been  fairly 
constant  throughout  the  ages,  and  that  regional  changes  of  level 
are  due  to  alterations  in  the  bulk  of  certain  portions  of  the  lithosphere 
without  movement  in  mass. 

The  researches  of  various  observers  on  the  diffusion  of  metals, 
the  differentiation  of  igneous  magmas,  the  effects  of  temperature 
and  pressure,  and  the  change  of  physical  properties  and  of  volume 
with  changed  conditions,  show  that  '*the  conception  of  the  earth 
simply  as  an  inert  mass  cooling  in  space  is  a  fallacious  one." 

In  his  <<  Origin  of  Mountain  Ranges  "  the  author  maintained  that 
as  the  volcanic  pipes  from  which  lava  emissions  proceed  are  probably 
in  communication  with  the  subterranean  heated  matter,  there  would 
necessarily  be  some  mixture  of  material  differing  in  constitution  and 
thermal  condition.  Consequent  upon  internal  changes,  the  volumes- 
and  specific  gravities  of  the  mineral  masses  of  the  lithosphere  would 
be  subject  to  increase  and  decrease  over  large  sections  of  the 
globe.  Increase  of  volume  by  expansion  would  lead  to  continental 
uplifts,  while  the  *  deeps  '  of  the  ocean  would  be  depressions  below 
the  true  spheroid,  due  to  the  superior  density  and  less  volume  of 
the  underlying  masses  of  the  earth. 

On  the  other  hand,  the  expansions  and  contractions  to  which 
mountain-building  is  due  ''are  mostly  lateral  and  intermittent^ 
creating  creeps  of  the  lithosphere  and  surface  rocks,  ending  in  the 
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folding  and  permanent  ridging-up  and  oorrugations  of  the  earth'e 
sarfaoe."  These  movemeDts,  it  is  held,  may  be  initiated  by  a  long 
ODuree  of  sedimentation,  causing  a  sinking  of  the  sea-bed. 

In  conneotion  with  this  subject  the  author  points  out  that 
''  a  depression  of  the  ocean  bottom  will  draw  the  waters  from  the 
land  and  increase  the  land  areas,  while  a  rise  of  the  sea-bed  will 
oanse  a  transgression  of  the  oceanic  water  over  the  land."  Here 
it  may  be  remarked  that  in  1868  Mr.  H.  B.  Medlicott  observed  that 
"  The  assumption  of  the  absolute  permanence  of  the  sea-level  (that 
its  level  has  permanently  maintained  the  same  radial  distance  from 
the  centre  of  the  earth)  has  quietly  taken  the  position  almost  of 
a  postulate  in  geological  induction.  The  notion  is  inconsistent  with 
any  progressionist  doctrine,  essentially  so  with  Laplace's  theory."  ^ 
Mr.  Meliard  Reade,  however,  sees  no  evidence  of  enormous  con- 
traction of  the  earth's  radius,  although  he  observes  that ''  in  every 
known  instance  where  proof  is  possible,  the  continents  are  at  lower 
levels  now  with  respect  to  the  sea  than  they  were  on  some  former 
oooasions  during  their  lengthened  history."  The  explanation  given 
in  these  cases  is  that  there  has  been  a  rise  of  portions  of  the  floor 
of  the  ocean  basins. 

After  referring  to  the  persistence  of  certain  lithologic  characters  in 
formations  over  wide  areas,  notably  among  the  Carboniferous,  Triassto, 
and  Oolitic  groups,  the  author  remarks  that  the  land  areas  grow 
by  accretion  from  existing  land,  the  ruins  of  former  continents 
having  added  to  their  extent,  and  thereby  securing  the  continuity 
of  land  areas  throughout  geologic  time.  That  *'  New  lands  are  the 
consequents  of  sedimentary  loading  and  recurrent  expansion"  is 
a  subject  he  dealt  with  in  his  *^  Origin  of  Mountain  Ranges." 

Turning  to  the  snb-oceanio  configuration,  the  author  gives  reasons 
for  believing  that  the  bed  of  the  Atlantic  is  not  a  plain,  *'  but 
a  diversified  surface  like  that  of  the  dry  land,  and  that  a  large 
portion  of  it  has  at  some  former  geological  age  been  carved  out  by 
snb-iierial  agencies."  These  diversified  contours  lie  beyond  the 
continental  shelves,  which  are  mainly  sedimentary. 

In  Book  ii  the  author  discusses  the  dynamics  of  mountain  structure 
and  experimental  geology,  a  subject  more  fully  treated  in  his  work 
on  the  "Origin  of  Mountain  Ranges."  Herein  he  brings  to  bear 
his  experience  as  an  architect  and  engineer,  and  the  practical 
experiments  he  has  made  combine  to  give  weight  to  his  conclusions. 
The  results  of  experiments  are  depicted  in  numerous  plates,  illus- 
trating compression,  shearing,  and  contortion  of  various  kinds. 
Microscopic  sections  of  rocks  are  also  given.  The  time  has  perhaps 
long  passed  when  anyone  would  sympathize  with  Ramsay,  who 
(in  1877),  while  A.  Geikie  and  J.  Clifton  Ward  were  examining 
thin  slices  of  rock  under  the  microscope,  exclaimed,  "I  cannot  see 
of  what  ase  these  slides  can  be  to  a  field-man.  I  don't  believe  in 
looking  at  a  mountain  with  a  microscope." ' 

'  Quart.  Joum.  Oeol.  Soc.,  vol.  xxiv,  p.  37. 

3  «  Memoir  of  Sir  A.  C.  Bamsay/'  by  Sir  A.  Geikie,  1895,  p.  343. 
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<  The  author  rightly  seeks  help  from  all  quarters,  and  as  a  result 
of  his  deliberatioQS  he  maiutaiDS  that  if  a  belt  of  rocks  of  varied 
character  and  some  miles  in  thickness  be  subjected  to  fluctuating 
increases  in  temperature,  then  both  vertical  and  horizontal  expansion 
will  ensue;  but  the  principal  forces  will  act  horizontally.  He 
points  out  the  stresses  and  strains,  the  shearing,  the  faults  and 
foldings,  and  the  torsion-structure  that  would  be  produced  by 
complex  movements ;  and  he  observes  that  slaty  cleavage  is  always 
accompanied  by  mineral  changes  in  the  body  of  the  rook,  which  give 
the  foliaoeous  character  and  supply  the  necessary  cement  to  bind  the 
overlapping  constituent  grains. 

His  experimental  investigations  lead  to  the  belief  that  the  forces 
affecting  the  earth's  crust  have  been  gradually  applied,  *'  that 
mountain  ranges  are  built  up  by  gradual  and  successive  creeps, 
and  that  a  sudden  release  of  pent-up  forces  takes  place  on  a  scale  not 
larger  than  what  is  experienced  in  a  great  earthquake." 

Book  iii  comprises  Reprints,  Speculations,  and  Closing  Remarks. 
Here  the  author  refers  to  the  supposed  permanence  of  oceans  and 
continents.  While  the  very  slowness  of  the  processes  has  given 
practical  permanency  to  the  main  features,  yet  "The  conclusion  is 
forced  upon  us  that  movements  and  interchanges  of  such  magnitude 
have  occurred  in  the  distribution  of  the  oceans  and  land  masses 
during  geologic  time  that  it  would  be  a  misnomer  to  call  them 
'  permanent '  .  .  .  .  the  changes  are  essentially  forms  of 
development,  the  permanence  is  that  of  land  connection." 

The  volume  is  not  one  which  can  be  looked  upon  as  eminently 
readable  or  popular,  nor  on  the  whole  is  the  subject-matter  well 
arranged;  but  it  comprises  a  mass  of  valuable  data  and  of  con- 
clusions based  upon  observation  and  experiment  that  cannot  fail 
to  be  of  service  to  every  student  of  '  Geomorphology '  and  to  aid 
materially  in  the  elucidation  of  the  subject. 


III. — Rkoknt  Rbsbarohbs  on  the  Scottish  Carboniferous  RocKa 

1. — On  the  distribution  of  fossil  Fish-remains  in  the  Carboniferous 
rocks  of  the  Edinburgh  district  By  Ramsay  H.  Traquair,  M.D., 
LL.D.,  F.R.S.  Trans.  Roy.  Soc.  Edin.,  vol.  xl,  pt.  3,  pp.  687-707, 
with  two  plates  (tables  of  strata). 

2. — The  Canonbie  Coalfield :  its  geological  structure  and  relations 
to  the  Carboniferous  rocks  of  the  north  of  England  and  central 
Scotland.  By  B.  N.  Peach,  LL.D.,  F.R.S.,  and  J.  Hornb,  LL.D., 
F.R.S.     Ibid.,  pt.  4,  pp.  835-877,  with  four  plates. 

f  PHE  appointment  in  1895  of  a  Committee  of  the  British  Association 
X  to  inquire  into  the  possibility  of  dividing  the  Carboniferous 
rocks  of  Britain  into  life-zones,  and  the  special  researches  of 
Dr.  ^heelton  Hind  on  the  mollusca,  of  Dr.  Traquair  on  the  fishes, 
and  of  Mr.  Eidston  and  Mr.  Newell  Arber  on  the  plants,  have 
aroused  exceptional  interest  in  the  subdivisions  of  the  Carboniferous 
system,  and  in  the  correlation  of  these  divisions  in  different  areas. 
A  great  deal  has  been  learned,  and  while  the  two  papers  before  us 
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form  substantial  contribations  to  oar  knowledge,  ''  there  is  abundance 
of  room,"  as  Dr.  Traqnair  observes,  for  further  investigation. 

In  d^tng  with  the  Carboniferous  fish-remains  of  the  Edinburgh 
district.  Dr.  Traquair  remarks  on  the  general  similarity  in  the 
lithological  characters  and  in  the  fades  of  the  organic  remains  of 
the  Scottish  strata,  which  in  mass  are  of  estuarine  origin.  Elsewhere 
in  Britain  the  Upper  Carboniferous  rocks  are  also  mainly  of 
'estuarine'  or  *  lagoon*  formation,  but  the  Lower,  except  in  the 
extreme  north  of  England,  are  almost  as  exclusively  marine  in  their 
origin;  and  in  this  grouping  Dr.  Traquair  takes  the  Millstone  Grit  as 
the  base  of  the  Upper  division.  His  researches,  which  have  extended 
over  a  period  of  thirty  years,  show  that  in  the  Edinburgh  district 
different  assemblages  of  estuarine  fishes  characterize  the  two  Car- 
boniferous divisions.  Indeed,  it  is  remarkable  that  not  one  of  the 
species  from  the  Upper  Carboniferous  rocks  **  can  safely  be  identified 
as  oocnrring  in  the  rocks  below ;  we  have  evidently  got  into  quite 
a  new  ichthyological  stage." 

Further,  the  Lower  Carboniferous  fish-remains  found  in  the 
limestones  of  open-sea  origin  differ  from  those  occurring  in  the 
estaarine  beds,  and  belong  to  the  marine  fish-fauna  characteristio 
of  the  Mountain  Limestone  of  England  and  Ireland.  Rarely  is 
there  any  commingling  of  these  types  of  fishes.  At  the  same  time 
the  number  of  marine  species  is  greater  and  of  estuarine  species 
less  in  the  Lower  Carboniferous  series  of  Lanarkshire  and  Ayrshire, 
than  in  the  rocks  of  the  Lothiaus  and  Fifeshire. 

Turning  to  the  evidence  obtained  in  other  areas,  Dr.  Traquair 
points  out  that,  whether  in  Northumberland,  Yorkshire,  or  North 
Staffordshire,  nearly  all  the  common  Upper  Carboniferous  estuarine 
fishes  have  a  wide  range  in  the  Coal-measures,  so  that  '<it  is 
fiot  possible  to  divide  these  strata  into  ichthyological  life- zones." 
Elsewhere  also  he  finds  a  great  difference  between  the  species  which 
occur  below  and  above  the  Millstone  Grit.  "  Only  two  species  can 
with  certainty  be  named  as  common  to  the  two  divisions,  namely, 
Oallopristodus  pectinatus  and  Acrolepis  JSbpkinsi.** 

In  the  Scottish  Millstone  Grit  no  determinable  fish-remains  have 
been  found,  but  among  the  fishes  recorded  by  Mr.  E.  D.  Wellbum 
from  this  division  in  Yorkshire  and  Lancashire,  there  are  both 
liower  Carboniferous  marine  species  and  Upper  Carboniferous 
estuarine  species.  The  occurrence  of  the  latter  in  the  Millstone 
Orit  coincides  with  the  evidence  of  the  plants,  which  according  to 
Mr.  Kidston  "  are  entirely  Upper  Carboniferous  in  aspect." 
Dr.  Traquair  is  thus  led  to  ask,  **  Did  the  marine  fish-fauna  of  the 
Carboniferous  epoch  change  less  rapidly  than  that  of  the  estuaries 
and  lagoons?" 

The  fact,  however,  remains  that  a  great  and  wide-spread  change 
took  place  in  the  fish-fauna  at  about  the  time  of  the  Millstone  Grit. 

Dr.  Traquair  directs  attention  to  a  peculiar  fish- fauna  in  the 
•estuarine  Lower  Carboniferous  beds  of  Eskdale.  At  Glencartholm, 
near  Langholm,  more  than  thirty  species  of  fishes  have  been  obtained, 
•and  of  these  only  one,  Tristychius  minor,  is  found  in   the  Lower 
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Carboniferous  beds  of  Central  Scotland.  On  this  interesting  pointy 
which  Dr.  Traquair  leaves  unexplained,  we  turn  to  the  later  paper 
by  Dr.  Peach  and  Dr.  Home.  These  authors  deal  with  the^ 
structure  of  the  Canonbie  Coalfield,  which  occupies  a  small  tract 
between  the  Liddel  Water  and  the  river  Esk  in  the  south-easten^ 
part  of  Dumfries-shire.  They  describe  the  Glencartholm  shales  a& 
occurring  in  a  volcanic  group,  above  the  Fell  Sandstones,  and 
probably  below  the  horizon  of  the  Scremerston  coals  of  the  eastern 
border  counties.  The  shales  form  a  rich  paladontological  zone,  which 
was  discovered  by  Mr.  A.  Macconochie,  and  found  to  contain  a  large- 
number  of  new  genera  and  species,  including  plants,  brachiopods, 
lamelUbranchs,  cephalopods,  scorpions,  eurypterids,  ostracods  and 
other  Crustacea,  as  well  as  fishes.  The  zone  has  not  elsewhere- 
been  detected,  but  some  of  the  many  species  have  been  found  in  the 
Calciferous  Sandstone  group  elsewhere  in  Scotland,  and  Dr.  Peach 
is  confident  that  other  species  will  likewise  be  found  away  from 
the  Canonbie  district 

In  their  description  of  this  district  the  authors  begin  with  the^ 
Old  Red  Sandstone,  which  has  yielded  scales  of  Roloptychiua ;  and 
they  then  give  details  of  the  strata  and  fossils  of  the  Lower  and 
Upper  Carboniferous,  the  Millstone  Grit  being  taken  as  the  base 
of  the  Upper  division.  Workable  coals  occur  at  various  horizons 
above  the  Glencartholm  beds ;  and  some  estimates  are  given  of 
the  coal-supply  in  concealed  portions  of  the  area.  The  work  is  well 
illustrated  by  a  coloured  geological  map  and  sections,  and  it  contains 
an  exhaustive  account  of  what  is  known  of  the  area  from  a  scientific 
and  practical  point  of  view. 

IV.  —  The  Position  of  the  Old  Red  Sandstone  in  the 
Geological  Suoobssion.  By  A.  G.  M.  Thomson,  F.G.S.  8vo  ; 
pp.  vi,  224.     (Dundee :  John  Leng  &  Co.,  1903.) 

THIS  book  is  divided  into  five  sections,  but  otherwise  it  has  no 
headings,  no  illustrations,  no  details  of  sections,  not  even  an 
ind^x.  The  object  of  the  author  is  to  suggest '' c^r^atii  hypothesesr 
well  supported  by  circumstantial  evidence,"  and  he  proceeds  to 
state  that  **  These  hypotheses,  in  the  first  place,  are  intended  to 
show  that  the  conditions  under  which  the  Old  Red  Sandstone  was 
produced  may  not  have  been  of  the  character  of  inland  lakes  without 
free  connection  with  the  sea;  and,  in  the  second  place,  that  the 
conditions  which  produced  the  Old  Red  Sandstone  may  not  have 
begun  only  after  the  close  of  the  conditions  which  produced  the 
youngest  of  the  Silurian  beds,  nor  have  terminated  before  the  date^ 
of  deposition  of  the  oldest  of  the  Carboniferous  beds." 

The  entire  work  appears  to  us  to  be  a  case  of  much  ado  about 
nothing.  There  is  not  a  single  reference  to  any  other  published 
view,  otherwise  the  author  might  have  spared  himself  the  long  and 
laboured  arguments  to  support  hypotheses  with  which  perhaps 
a  good  many  geologists  would  be  inclined  to  agree.  He  might  at 
any  rate  have  fortified  himself  with  reference  to  Hypothesis  No.  1 
by  quoting  the  Rev.  W.  S.  Symonds,  "Records  of  the  Rocks,"  1872,. 


Digitized  by  VjOOQ  IC 


Becieivs — T.  Sheppard — Qeological  Rambles^  E.  Yorkshire,    85 

|>.  215,  and  Professor  Hall,  Quart  Joum.  (}eoI.  Soa,  xxxviii,  205. 
Witb  r^;ard  to  his  second  Hypothesis,  the  passage  between  Silurian 
and  Old  Red  Sandstone  and  between  Old  Bed  Sandstone  and  Carbon- 
iferous has  been  pointed  out  by  numerous  geologists,  although  the 
evidenoe  of  passage  between  Silurian  and  Old  Red  Sandstone  in 
South  Wales  and  Monmouthshire  has  not  been  confirmed  by  the 
ceoent  work  of  the  Geological  Survey. 

The  author  dwells  a  good  deal  on  ''the  suddenness  with  which 
vertebrate  life,  in  well-developed  types,  appears  within  the  British 
area  in  the  uppermost  beds  of  the  Silurian  system,"  and  in  order  to 
make  dear  his  phraseology  he  adopts  **  the  rather  awkward  specific 
terms  of,  respectively,  *  Prevertebrate  Silurian,'  'Vertebrate  Silurian,* 
^  Prevertebrate  Old  Red,'  and  'Vertebrate  Old  Red,'  as  also  the 
generic  terms  '  Prevertebrate  Palceozoic '  and  '  Vertebrate  Pal»o- 
zoia'"  He  recognizes  that  certain  "'Prevertebrate  Old  Red' 
fresh-water,  or,  at  least,  brackish- water  estuarine  areas,  were  devoid 
of  animal  life,"  but  maintains  that  some  of  these  basal  beds  "  were 
being  formed  when  'Prevertebrate  Silurian'  sediments  were  being 
laid  down  beyond  the  limits  of  the  estuaries,  and  therefore  under 
marine  conditions."  Here,  as  in  other  cases,  we  fail  to  find  the 
f)recise  evidence  which  would  make  the  author's  contentions  of 
'Value,  and  we  regret  that  we  cannot  recommend  the  work  as 
likely  to  prove  either  attractive  to  our  readers  or  of  serious  help  to 
etudents.  We  can,  in  fact,  only  wonder  why  such  a  work  has  been 
published. 

y. — Gbolooioal  Rambles  in  East  Yorkshibb.  By  Thomas 
Shcppabd,  F.G.S.,  Curator  of  the  Municipal  Museum,  Hull. 
8vo;  pp.  zi,  235,  with  geological  map  and  many  illustrations. 
(London:  A.  Brown  &  Sons  [1903].) 

f pHERE  are  few  districts  that  can  offer  so  many  attractions  to 
X  the  geologist  and  to  the  collector  of  fossils  as  that  described  in 
'this  volnme.  From  Spurn  Head  to  Redcar,  a  good  deal  beyond  the 
Jimits  of  the  geological  map  of  the  East  Riding  which  accompanies 
■this  work,  the  author  takes  us  in  a  series  of  rambles ;  and  under  his 
guidance  we  see  and  learn  much  about  the  Recent  and  Pleistocene 
^deposits,  the  White  and  Red  Chalk,  the  Speeton  Clay,  the  many 
divisions  of  the  Oolites,  and  the  Lias  of  Robin  Hood's  Bay,  Whitby, 
and  Redcar.  The  information  is  imparted  in  a  pleasant  style,  and 
is  thoroughly  '  up  to  date,'  due  regard  being  paid  to  the  work  of  the 
geologists  of  old,  to  William  Smith,  Young  and  Bird,  John  Phillips 
und  Leckenby  (though  we  miss  a  reference  to  Martin  Simpson),  as 
well  as  to  that  of  Judd,  Tate  and  Blake,  Hudleston,  Fox- Strang  ways, 
Keid,  Lamplugh,  Kendall,  Stather,  and  others.  The  author  himself, 
too,  has  laboured  with  much  enthusiasm  on  the  geology  of  the  newer 
deposits,  and  we  can  cordially  recommend  his  book  as  a  handy  and 
reliable  gaide  to  this  interesting  region.  The  work  is  well  illus- 
trated, and  mostly  from  photographs.  There  is  a  good  index,  but 
•curiously  enough  no  date  is  affixed  to  the  volume. 
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I. — Qboloqioal  Sooistt  of  London. 

I.  — December  2nd,  1903.--Sir  Archibald  Geikie,  D.C.L..  D.Sc., 
Sec.  B.  S.,  Vice-President,  in  the  Chair.  The  following  cooi* 
munications  were  read : — 

1.  "Notes  on  the  Garnet-bearing  and  Associated  Rocks  of  the 
Borrowdale  Volcanic  Series."  By  the  late  Edward  Eaton  Walker^ 
Esq.,  B. A.,  B.So.  (Communicated  by  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.,. 
F.G.S.) 

The  first  portion  of  the  paper  is  occupied  with  an  account  of  yariou» 
intrusive  rocks.  A  detailed  description  of  sills  and  dykes  of  garnet- 
bearing  rocks  in  the  Langs trath  Valley  is  given  ;  and  similar  rocks 
are  described  occurring  as  dykes  and  sills  around  the  Eskdale  granite 
and  the  Buttermere  granophyre,  and  also  in  the  Armboth-Helvellyn 
area.  These  rocks  vary  in  degree  of  acidity.  They  consist  of  diabase, 
porphyrite,  and  granophyre.  Evidence  of  their  characters  being 
dependent  upon  differentiation  accompanied  by  some  absorption  i» 
offered.  They  appear  to  be  related  to  the  Eskdale  and  Buttermere 
masses  of  intrusive  rocks. 

The  volcanic  rocks  are  next  considered.  Garnets  are  found  in  the 
Falcon  Crag  Group,  in  a  group  of  rocks  below  the  great  banded 
ashes  and  breccias  of  the  Scawfell  Group,  and  in  the  rooks  of  the 
Soawfell  Group  itself;  but  do  not  seem  to  occur,  except  as  the  result 
of  contact-metamorphism,  in  the  Eycott  Group.  The  most  interesting 
garnetiferous  volcanic  rocks  are  those  which  occur  below  the  Scawfell 
ashes  and  breccias.  These  rocks  often  have  a  streaky  structure 
which  exhibits  four  distinct  types  :  resulting  from  (a)  infiltration 
along  planes  of  weakness,  (6)  lamination  of  ash,  (c)  flow  of  igneous 
material,  and  (d)  dynamic  action  on  included  fragments.  The  rocks 
are  not  intrusive,  but  consist  of  lavas  and  ashes,  often  exhibiting 
alternating  bands  of  rhyolite  and  andesite. 

The  banded  ashes  of  the  Scawfell  Group  also  contain  garnets. 

In  the  Haweswater  district  there  is  an  intercalation  of  rocks  of  the 
Eycott  type  with  rocks  possessing  the  'streaky'  structure.  Thi» 
intercalation  appears  to  be  original,  and  not  the  result  of  subsequent 
earth-movements. 

The  garnets  are  of  the  almandine  type.  They  often  have  a  ring 
of  felspar  around  them,  which,  when  the  intrusive  rocks  are  studied,, 
suggests  that  the  mineral  is  original ;  but  similar  rings  occur  around 
garnets  in  the  ashes,  showing  that  the  felspars  may  be  formed  in 
solid  rock.  In  certain  ashes  of  the  Haweswater  district,  the  existence 
of  cavities  in  the  garnets  suggests  a  metamorphic  origin  for  the 
mineral,  but  it  is  difficult  to  understand  how  the  metamorphism  has 
been  produced. 

The  paper  closes  with  a  description  of  certain  undoubted  rneta* 
morphic  changes. 
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2.  "A  Contribution  to  the  Olacial  Geology  of  Tasmania."  By 
Profeesor  J.  Walter  Gregory,  D.Sc.,  P-R-S.,  F.G.S. 

On  reading  the  literature  on  the  glaciation  of  Tasmania,  the  author 
came  to  the  conclusion  that,  except  for  such  traces  of  high-level 
glacial  action  as  those  of  Mount  Sedgwick  recorded  by  E.  J.  Dunn 
and  T.  B.  Moore,  and  those  near  the  summit  of  Mount  Ida  recorded 
by  Officer,  Balfour,  and  Hogg,  the  evidence  consisted  of  material 
that  was  either  not  of  glacial  origin  or  was  due  to  glacial  action  at 
some  upper  Palsdozoic  date.  After  giving  a  detailed  analysis  of  the 
previoas  contributions  to  this  subject,  the  author  describes  the 
evidence  obtained  by  himself  personally  in  the  northern  portion  of 
the  island.  The  town  of  Gormanston  stands  on  a  glaoial  moraine  of 
recent  geological  age,  formed  later  than  the  excavation  of  the  Linda 
Valley,  and  occurring  as  a  bank  projecting  from  the  southern  side  of 
the  valley  and  nearly  damming  it  across.  The  moraine  is  composed 
of  typical  Boulder-clay,  and  behind  it  are  bedded  clays  which 
probably  accumulated  in  a  glacier- lake  above  the  moraine-dam.  An 
erratic  of  fossiliferous  limestone,  4^  by  3^  by  2}  feet,  scratched  all 
over  and  partly  polished,  is  mentioned,  while  the  North  Lyell 
Railway  has  cut  through  an  enormous  boulder  of  black  Carboniferous 
Limestone  at  least  16  feet  in  length.  The  northern  face  of  Mount 
Owen  appears  to  be  ice- worn  to  the  height  of  about  1900  feet,  while 
the  basis  of  the  glacial  deposits  is  not  more  than  700  feet  above  the 
sea.  The  general  evidence  suggests  that  the  Eldon  Range  and  the 
Central  Plateau  formed  the  gathering-ground  of  the  ice  which  flowed 
westward  and  south-westward.  A  map  is  given  to  show  the  range 
of  Pleistocene  glaciation  so  far  as  it  has  been  recorded,  and  also  to 
indicate  localities  at  the  glacial  deposition  which  probably  dates  from 
the  Carboniferous  Period.  The  lowest  level  at  which  evidence  of 
Pleistocene  glaciation  has  been  found  is  400  feet  on  the  Pieman 
River.  This  latest  glaciation  is  later  than  the  formation  of  the 
peneplain  of  North- Western  Tasmania,  and  occurred  after  the 
dissection  of  this  peneplain  had  begun.  Many  of  the  deposits  are 
little  more  altered  than  those  of  Northern  England,  despite  the 
heavy  rainfall;  and  the  aspect  of  some  of  the  rock-scoring  is  very 
recent. 

IL— December  16th,  1903.— Sir  Archibald  Geikie,  D.C.L.,  D.Sc, 
Sec.  R.S.,  Vice-President,  in  the  Chair.  The  following  com- 
munications were  read  : — 

1.  "  The  Igneous  Rooks  associated  with  the  Carboniferous  Lime- 
stone of  the  Bristol  District"  By  Professor  Conwy  Lloyd  Morgan, 
LL.D.,  F.R.S.,  P.G.S.,  and  Professor  Sidney  Hugh  Reynolds,  M.A., 

F.G.a 

Evidence  for  the  contemporaneous  origin  of  the  igneous  rocks  is 
given  for  the  following  localities  : — Middle  Hope,  or  Woodspring ; 
Spring  Cove,  near  Weston-super-Mare;  above  Eew  Stoke,  Milton 
Hill;  Uphill;  Goblin  Combe;  and  near  Cadbury  Camp.  At 
Middle  Hope  the  ejectamenta  thin  to  the  east,  and  lava  is  only 
found  to  the  west ;  at  Spring  Cove  small  lapilli  were  found  in  th» 
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limestone  8  feet  aboTe  the  basalt.  At  Goblin  Combe  there  is  the 
most  characteristic  and  convincing  section  of  ashy  beds  in  the 
district :  the  lenticular  bands  of  coarse  greenish  tuff,  the  limestone 
intercalations,  the  close  admixture  of  lapilli,  limestone  fragments, 
and  oolitic  grains  are  stamped  with  the  hnll-mark  of  submarine 
volcanic  action;  lava  closely  underlies  these  breccias  and  tu£fs. 
There  is  evidence  of  only  one  volcanic  episode,  which  occurred  in 
all  cases  after  the  Za;7^ren<t«-beds  had  been  laid  down,  and  before 
the  strata  characterized  by  Chonetes  and  Streptorhynchus  were 
deposited.  (A  table  of  certain  broadly-marked  horizons  in  the 
Carboniferous  Limestone,  by  Mr.  A.  Vaughan,  F.G.S.,  is  given  for 
reference.)  The  lavas  are  olivine-dolerites  or  basalts  ;  with  pheno- 
orysts  of  olivine  or  augite.  They  are  frequently  amygdaloidal, 
sometimes  variolitic ;  and  in  the  variolites  highly  altered  felspar- 
phenocrysts  occur.  The  rocks  vary  in  grain,  the  coarsest  being 
those  from  Uphill  and  near  Cadbury  Camp,  of  the  oontemporaneous 
character  of  which  there  is  no  direct  evidence.  The  tuffs  are  all 
highly  calcareous,  and  most  of  them  are  best  described  as  "ashy 
limestones."  The  bulk  of  the  lapilli  varies  from  one-hundredth 
part  of  the  rock  to  about  one-third,  and  their  composition  is  closely 
related  to  that  of  the  basaltic  lavas  of  the  district.  Quartz-grains 
are  abundant  in  the  Goblin  Combe  rocks,  and  these  rocks  are 
frequently  oolitic. 

2.  "The  RhsBtic  Beds  of  England."  By  A.  Rendle  Short,  Esq., 
M.B.,  B.Sc.     (Communicated  by  Prof.  S.  H.  Reynolds,  M.A.,  F.G.S.) 

The  paper  opens  with  a  description  of  four  new  exposures  of  these 
rocks :  one  at  Redland  rests  upon  Carboniferous  Limestone,  and  is 
interesting  because  the  '  Bone-bed '  is  very  ill-developed  on  receding 
from  the  old  shore ;  a  second  is  at  Stoke  Gifford,  with  a  continuous, 
well -developed  landscape  marble,  the  Insect  Bed,  and  no  bone-bed  ; 
a  third  at  Cotham  Road  (Bristol)  yields  baryta,  celestine,  and 
Naiadita  at  special  horizons  containing  no  other  fossils ;  and  the 
fourth,  at  Aust,  has  given  measurements  of  the  uppermost  18  feet, 
which  are  inaccessible  from  below.  Next  an  account  is  given  of  the 
constituent  beds,  with  special  reference  to  the  conditions  of  deposition. 
The  Bone-bed  is  of  wide  distribution ;  it  frequently  occurs  in  pockets 
on  a  flat  surface,  or  spread  out  over  that  surface ;  it  contains  frag- 
ments of  rolled  marl,  rounded  pebbles  of  Carboniferous  Limestone, 
and  pebbles  of  quartzite  and  well-rounded  quartz.  The  author 
concludes  that  it  was  formed  during  a  stormy  period,  after  the  sea 
had  made  its  first  irruption  into  the  dried-up  or  silted- up  level 
surface  of  the  Eeuper  Lake.  The  ^atadt/a-beds  appear  to  have 
been  formed  in  very  shallow,  and  perhaps  only  slightly  saline,  water, 
and  the  calcareous  matter  associated  with  them  may  have  been  mud 
washed  from  the  Carboniferous  Limestone.  Only  after  the  White 
Lias  period  did  the  water  finally  become  moderately  deep.  The 
area  of  deposit  appears  to  have  been  a  gigantic  shallow  lagoon 
connected  witb  the  open  sea  to  the  south,  and  the  fauna  was  derived 
from  the  direction  of  Germany.  A  short  account  is  given  of  some 
df  the  Continental  Rhsdtic  formations,  followed  by  a  list  of  Rh»tio 
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f  oMils  recorded  in  England,  with  the  range  of  each.  A  consideration 
of  this  list  enables  the  author  to  suggest  that  the  lower  limit  of  the 
formation  should  be  drawn  at  the  first  evidence  of  Rhastio  life  after- 
the  deposition  of  the  gypsiferous  and  red  or  green  marls,  which  (at 
any  rate  in  their  lower  part)  are  certainly  of  Eeuper  age.  The  upper 
limit  may,  for  convenience,  be  drawn  at  an  indefinite  level  where 
Modiola  minima  and  Pleuromya  croiocombeiana  become  very  rare,  and 
the  amraonitic  and  Liassic  fauna  begins.  Further  discussion  of  the 
lithological.  physical,  and  palsdontological  evidence  leads  the  author 
to  recognize  that  the  affinities  of  the  Khsetic,  thus  defined,  are  rather 
with  the  Jurassic  rocks  than  with  the  Trias.  The  following  zones 
are  suggested,  in  descending  order  : — 

Zone  of  Pleuromya  erotccombeiana  =  White  Lias. 

„      MonotU  decMtata  a  Gotham  Marble  and  just  above. 
„      Estheria  minuta  Tar.  Brodieana^  and  Naiadita. 
„      Peeten  valoniensis, 

„     Avicula,contorta  a  Black  Shales  and  a  limestone  bed. 
,,      Bone-bed. 

These  zones  seem  to  be  fairly  constant  throughout  England,  and 
harmonize  well  with  those  of  Germany,  although  they  cannot  be 
expected  to  fit  in  with  the  oceanic  type  of  the  Alps  and  the 
Mediterranean.  Further  consideration  shows  that  the  fossils  give 
evidence  of  migration,  but  very  little  of  evolution.  The  paper  closes 
with  the  description  of  a  new  species  of  Anomia  and  a  bibliography. 
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ATMOSPHERIC  EROSION  IN  CORSICA. 

Sib, — The  remarkable  mode  of  erosion  described  by  Mr.  Tuckett 
in  the  Geological  Maqazinb  for  this  month  is  not  uncommonly  met 
with  in  the  drier  regions  of  the  globe,  and  excellent  examples  are 
described  and  figured  by  Walther  in  his  ''  Die  Denudation  in  der 
Wiiste  '*  (Abh.  k.  sachs.  Ges.  Wiss.,  Math.-Phys.  Classe,  1891)  and 
•'  Da8  Gesetz  der  Wtistenbildung "  (Berlin,  1900).  Fig.  7  in  the 
latter  work  presents  a  particularly  close  resemblance  to  the  Tdte  de 
Obien.  It  is  a  reproduction  of  a  photograph  taken  near  the  Indian 
desert. 

Walther  attributes  the  peculiar  mode  of  erosion  in  these  regions 
to  the  relative  persistence  of  dew  and  other  moisture  on  the  shady 
side  of  the  boulder  or  cli£f,  and  its  rapid  evapomtion  on  the  sunny 
side.  The  shaded  side  consequently  weathers  much  more  quickly 
than  the  other,  and  the  weathered  material  is  removed  by  the  wind. 

In  the  Northern  Hemisphere  the  cavities  formed  are  generally, 
thoQgfa  not  always,  on  the  northern  or  western  side  of  the  rock ;  but 
from  the  shadows  shown  in  Mr.  Tuck^tt's  beautiful  photograph  of 
the  T6te  de  Chien,  I  infer  that  in  this  case  the  cavity  does  not  face 
the  north. 

It  would  be  interesting  to  learn  whether  the  Corsican  examples 
support  Professor  Walther's  view.  Philip  Lakb. 

13,  Pabk  Stueet,  Cambaibob. 
Jmmmmnf  I6th,  1904. 
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PROFESSOR    KARL    ALFRED    VON    ZITTEL. 
BoEN  Sbptbmber  26,  1839.  Died  jANrARY  5,  1904. 

It  would  be  difficult  to  estimate  tbe  loss  sustained  by  geologioal 
and  palsBODtologioai  scienoe  through  the  lamentable  death  of 
Professor  E.  A.  von  Zittel,  of  Munich,  who  for  many  years  ba» 
ocoupied  so  eminent  a  position  as  a  writer  and  teacher  in  these 
subjects,  and  has  been  rightly  regarded  as  the  most  eminent  of 
all  exponents  in  the  domain  of  paleeontology.  To  those  who  an^ 
acquainted  with  the  splendid  work  of  von  Zittel,  the  sudden  termi- 
nation of  his  brilliant  career  will  come  as  a  shock  ;  among  all  who 
bad  personal  dealings  with  the  man  himself,  more  especially  the 
fortunate  ones  who,  in  the  capacity  of  pupils,  were  pnvileged  to- 
enjoy  the  advantages  of  daily  intercourse  with  a  teacher  so  inspiring 
and  so  lovable,  there  will  not  be  one  who  does  not  experience 
poignant  regret  and  a  genuine  sense  of  personal  bereavement. 

To  the  Professor's  rare  personal  qualities  and  the  unfailingly 
cordial  and  courteous  attitude  be  displayed  towards  colleagues  and 
students,  must  in  no  small  measure  be  attributed  the  great  success 
achieved  by  the  Munich  school  of  palasontology  during  the  long 
period  of  von  Zittel's  tenure  of  the  chair.  By  his  zeal  and 
thoroughness  in  handling  the  subject  to  which  he  patiently  and 
strenuously  devoted  so  great  a  part  of  his  energies,  he  directly 
accomplished  much  for  science,  but  also  afforded  an  example  which 
must  clearly  have  borne  valuable  fruits,  especially  when  we  note 
that  his  teaching  was  a  reflection  of  his  own  admirable  method. 
An  exceptionally  lucid  and  eloquent  lecturer.  Professor  von  Zittel 
regarded  palseontology  primarily  in  its  correct  aspect  as  an  im- 
portant branch  of  biology,  and  his  influence  was  in  no  slight  degree 
responsible  for  the  important  status  which  his  special  subject  has 
attained  among  the  sciences  in  Germany,  a  position  which  even 
yet  seems  to  be  most  reluctantly  accorded  to  it  in  this  country.. 
A  striking  feature  of  the  late  Professor's  discourses  on  palsdozoology 
consisted  in  the  remarkably  even  treatment  which  he  devoted  to 
all  parts  of  the  subject;  he  seemed  to  possess  an  equally  extensive 
knowledge  when  dealing  in  turn  with  each  class  of  animals,  while 
throughout  his  lengthy  course  of  lectures  his  deliverances  were 
frequently  brightened  by  an  inspiring  enthusiasm. 

Scrupulous  thoroughness,  accurate  observation,  and  cautious 
interpretation  were  the  principles  upon  which  Professor  von  Zittel 
most  strongly  insisted ;  and  if  he  hesitated  to  express,  himself 
concerning  the  philosophic  and  speculative  aspects  of  his  subject, 
and,  in  his  published  writings,  maintained  in  regard  to  these 
a  somewhat  conservative  attitude,  we  may  perceive  in  this  reticence 
evidence  of  that  cautious  and  judicial  spirit  which  has  ensured 
soundness  and  lasting  value  in  his  own  work  and  in  that  of  many 
of  his  disciples.  In  an  excellent  article  recently  contributed  to  tbe 
columns  of  Nature,   to  which   the  present  writer  is  indebted  for 
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some  of  ihe  following  biographical  details,  a  passage  is  quoted 
from  an  address  delivered  by  Professor  von  Zittel  before  the  Inter- 
-national  Congress  of  Geologists  in  1894,  illustrating  his  attitude 
towards  certain  modern  tendencies  in  the  treatment  of  biology. 
In  this  he  says :  "  The  domination  of  the  Linnsean  and  Cuvierian 
principles  threatened  systematic  biology  with  soulless  paralysis  r 
the  unbridled  subjectivity  of  recent  times  may  easily  lead  to 
anarchy."  It  is  regrettable  to  have  to  add  that  in  some  depart- 
ments  of  palaaontology  this  prophecy  seems  already  to  have  become^ 
fully  realized. 

Professor  von*  Zittel  distrusted  voluminous  and  hastily  produced 
work ;  to  one  so  painstaking  as  himself,  unsoundness  owing  to 
lack  of  care  was  sufficiently  abhorrent.  Yet  he  was  a  lenient 
and  generous  critic  of  work  which,  though  imperfect,  had  beenr 
oonscientiously  achieved,  and  he  looked  with  the  greatest  disfavour 
upon  the  kind  of  criticism  which,  betraying  a  needless  spirit  of 
antagonism,  is  couched  in  terms  that  might  prove  offensive  or 
injurious.  It  is  delightful  to  recall  the  kindly  encouragement  with 
which  this  gifted  man  assisted  the  circle  of  students  at  work  in  the 
palsdontological  laboratory  at  Munich  and  in  the  field,  and  to  note  that, 
however  busily  occupied  with  his  own  researches,  he  was  at  all  times 
willing  to  lay  his  work  aside  in  order  to  answer  a  question  or  to  discusa 
some  point  with  even  the  humblest  of  his  students.  This  ready 
accessibility,  coupled  with  his  modest  bearing  and  the  deferential 
manner  in  which  he  expressed  his  own  opinions  or  offered  criticism 
in  discussion,  served  to  endear  Professor  von  Zittel  to  the  many 
who,  attracted  by  his  fame,  journeyed  from  almost  every  quarter 
of  the  globe  in  order  to  pursue  their  studies  under  his  direction. 
The  confident  and  independent  attitude  which  he  directly  encouraged 
by  making  his  pupils  feel  that  he  discussed  subjects  with  them  aa 
equals,  would  have  been  fostered  in  less  degree  by  the  adoption  of 
a  more  purely  didactic  tone,  and  must  be  reckoned  among  the  most 
Taluable  results  of  the  training  he  imparted.  It  may  be  remarked 
that  he  entertained  very  liberal  views  on  the  subject  of  education, 
and  warmly  advocated  the  admission  of  women  to  the  full  privileges 
of  the  university  courses  in  Germany. 

Karl  Alfred  Zittel  was  born  at  Bahlingen,  in  Baden,  on  Sept,  25th,^ 
1839,  and  was  the  youngest  son  of  Dean  Zittel,  a  well-known 
Protestant  divine.  In  the  latter  end  of  1857  he  entered  the 
University  of  Heidelberg,  where  he  studied  under  Bronn  and 
Leonhard,  afterwards  devoting  a  year  to  complete  his  academic 
studies  in  Paris  under  Hebert.  While  still  there,  during  1861, 
he  published,  in  collaboration  with  E.  Goubert,  his  first  pnla^onto- 
logical  paper,  a  short  pamphlet  dealing  with  the  description  of 
fossils  from  the  Corallian  rocks  of  Glos.  After  leaving  Paris, 
Zittel  joined  the  Geological  Survey  of  Austria  as  a  voluntary 
assistant,  and  commenced  active  work  in  Dalmatia.  In  1863  he 
qualified  himself  as  a  '  Privatdozent '  in  the  University  of  Vienna, 
and,  refusing  the  offer  of  a  professorship  in  Lemberg,  accepted 
a  post  as  assistant  in  the  Mineralogical  Museum  in  Vienna  (now  the 
Boyal  Natural  History  Museum).      In  the  same  year  Zittel  left 
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Vienna  to  oooupy  the  position  of  ProfesBor  of  Mineralogy  in  the 
Polyteohnic  at  Carlsruhe,  but  here  also  his  sojourn  was  a  brief  one, 
«nd  on  the  death  of  the  renowned  Albert  Oppel  he  was  appointed  in 
the  Autumn  of  1866,  at  the  early  age  of  27,  to  fill  the  vacant  chair  of 
palsdontology  in  the  University  of  Munich,  at  the  same  time  taking 
-over  the  charge  of  the  State  palasontological  collection  preserved  hi 
the  Old  Academy.  It  is  interesting  to  record  that  the  selection  of  so 
young  a  candidate  for  this  important  position  was  warmly  supported 
hy  0.  W.  von  Giimbel,  who,  as  the  revered  veteran  among  Bavarian 
geologists,  lived  almost  long  enough  to  follow  to  its  untimely 
termination  the  brilliant  career  of  the  man  upon  whom  he  so 
wisely  bestowed  his  patronage.  In  1880  the  chairs  of  geology 
^nd  palseontology  became  combined  in  the  Munich  University,  and 
ten  years  later,  on  the  death  of  Sohafhautl,  Professor  von  Zittel  was 
appointed  keeper  of  the  State  geological  collection  also.  It  is  well 
known  with  what  enthusiasm  he  laboured  in  order  to  enlarge  and 
perfect  the  museum  under  his  charge,  and  how  far,  in  face  of  great 
initial  difficulties,  he  succeeded  in  bringing  the  Munich  palsson to- 
logical  collection  into  the  very  first  rank  among  similar  institutions. 

It  may  be  said  that  from  the  time  of  his  appointment  at  Munich 
Professor  von  Zittel's  life  was  one  of  restless  and  fruitful  activity. 
He  had  already  completed  a  monograph  on  the  lamelUbranch 
molluscs  of  the  Qosau  beds,  a  memoir  which  amply  illustrated  his 
painstaking  and  precise  method  of  work,  and  this  was  followed  by 
his  able  and  comprehensive  study  of  the  fauna  and  relationships  of 
the  Tithonian  stage  (1868-1873).  Various  other  works  in  the 
field  of  palsBontology  showed  the  versatility  of  the  writer,  and 
included  papers  on  representatives  of  vertebrate  classes.  Researches 
of  a  geological  character  resulted  in  the  publication  of  a  treatise  on 
the  glacial  phenomena  of  the  Upper  Bavarian  plain  (1874-1875), 
^nd  after  accompanying  the  Rolilfs  Expedition  to  the  Libyan  Desert 
(1873-1874),  von  Zittel  in  1880  produced  his  well-known  work 
•*  Ueber  den  geologischen  Bau  der  Libyschen  Wiiste."  The  fuller 
results  of  his  fruitful  journey  have  appeared  in  the  pages  of 
JPalaontographtca,  and  include  special  studies  of  the  collections  of 
fossils  obtained,  the  investigation  of  which  was  entrusted  to  several 
<K)llaborators,  and  has  only  been  recently  concluded  (1883-1902). 
In  addition  to  his  other  labours  Professor  von  Zittel,  in  the  capacity 
of  principal  editor,  successfully  conducted  the  publication  of  the 
important  Falaontographica  from  the  year  1869  until  the  time  of 
his  death. 

The  work  by  which  the  late  Professor  made  his  name  most  widely 
known,  however,  was  the  great  "  Handbuch  der  Palaeontologie," 
which,  begun  in  1876,  required  seventeen  years  of  strenuous  labour 
for  its  preparation.  An  enormous  amount  of  original  investigation 
was  necessitated  during  the  compilation  of  this  wonderfully  com- 
plete compendium,  and  the  most  important  of  these  incidental 
researches,  that  which  dealt  with  the  classification  of  the  sponges, 
occupied  no  less  than  three  years  of  the  author's  time,  and  resulted 
in  the  production  of  a  monograph  of  great  value,  which  was 
published   by   the    Boyal   Bavarian   Academy    (1877-1879).     Tha 
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"Handboch"  appeared  in  five  volumes,  four  of  which  include  thfr 
whole  range  of  palsdozoology,  while  the  fifth  volume,  comprising 
piliBobotany,  was  contributed  by  Sohimper  and  Soheuk.  The^ 
pablication  of  this  work  was  the  greatest  service  rendered  by  ita 
author,  and  the  famous  '^Handbuoh"  still  remains  the  most  com* 
prehensive  and  trustworthy  treatise  of  reference  on  the  subject 
with  which  it  deals.  It  was  translated  into  French  by  Professor 
Charles  Barrois. 

Prompted,  no  doubt,  by  his  own  requirements  as  a  lecturer,  the^ 
Professor  directed  the  publication  of  an  extensive  series  of  palseonto- 
logical  wall-diagrams  to  illustrate  generic  characters  (1879-1891), 
which  have  been  very  widely  appreciated  by  teachers.  To  meet 
a  long-felt  want,  he  published  in  1895  the  "Grundziige  der 
Palaeontologie,"  a  volume  most  admirably  adapted  to  the  require* 
ments  of  students,  which  embodies,  though  with  some  revision,  the 
principal  outlines  of  the  author's  larger  treatise  on  palasozoology. 
The  translation  of  this  work  into  the  English  language  was  under* 
taken,  with  the  collaboration  of  several  specialists,  by  Dr.  C.  B» 
Eastman,  and  thus  under  American  auspices  the  first  part  of  it, 
comprising  the  Invertebrata,  was  published  separately,  though  witb 
such  far-reaching  modifications  as  to  render  the  volume  for  practical 
purposes  an  almost  entirely  new  work.  Professor  von  Zittel  himself 
only  lived  to  superintend  the  issue  of  that  part  of  the  second  German 
edition  which  deals  with  the  Invertebrata,  but  in  order  to  preserve 
those  features  whereby,  according  to  his  belief,  the  work  would  best 
retain  its  utility  as  a  student's  manual,  he  ttdhered  to  the  scheme 
employed  in  the  first  edition. 

A  little  book  adapted  to  supply  the  needs  of  a  wider  circle  of 
readers  had  been  many  years  previously  published  by  the  Professor, 
under  the  title  ''  Aus  der  Urzeit,"  and  in  this  the  author  attractively 
described  and  illustrated  the  progress  of  development  in  the  organic 
world  from  the  earliest  times  onwards.  This  work  became  much 
in  request,  and,  having  passed  through  a  second  edition,  has  for 
some  time  been  out  of  print.  One  other  work  from  the  pen  of 
von  Zittel  calls  for  special  mention.  This  is  his  well-known  and 
valued  History  of  Geology  and  Palaeontology,  in  itself  a  striking 
monument  of  conscientious  toil,  which  demanded  several  years  of 
steady  application  in  its  compilation.  The  preparation  of  this 
volume  was  a  labour  of  love  with  the  author,  whose  wide  literary 
knowledge,  proficiency  as  a  linguist,  and  keen  interest  in  tracing 
out  the  course  of  development  in  the  stud}'  of  these  sciences,  specially 
qualified  him  for  such  a  task.  This  reliable,  comprehensive,  and 
well-written  work  has  been  translated  into  English  by  Mrs.  M. 
Ogilvie  Gordon,  and  issued  in  somewhat  abridged  form.  It  has 
with  some  justification  been  maintained  that  in  this  book,  as  in 
so  much  of  von  Zittel's  purely  scientific  writings,  the  character  of 
the  work  suffered  in  a  certain  degree  from  the  author's  too  strictly 
objective  method  of  treatment ;  it  was  not  that  he  lacked  the  critical 
or  imaginative  faculties,  but  we  must  rather  suppose  that  the 
exercise  of  thene  was  often  purposely  held  in  check  in  the  endeavour 
to  ensure  an  entirely  truthful  and  precise  presentation  of  facts. 
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Professor  von  Zittel's  ability  and  industry  were  rewarded  by  the 
-bestowal  upon  bim  of  abundant  honours ;  he  received  various  orders 
and  medals,  and  was  elected  an  honorary  member  of  numerous 
learned  societies.  He  became  a  foreign  member  of  the  Geological 
Society  of  London  in  1889,  and  in  1894  was  the  recipient  of  the 
Wollaston  medal.  In  1875  he  was  made  an  ordinary  member  of 
the  Royal  Bavarian  Academy  of  Sciences,  and  in  1899,  on  the 
retirement  of  von  Pettenkofer,  was  chosen  to  fill  the  presidency  of 
the  Academy,  with  the  position  of  Conservator- General  of  the  State 
scientific  collections.  An  honorary  member  of  the  Koyal  Academy 
of  Sciences  in  Berlin,  he  became  a  foreign  associate  of  the  United 
States  National  Academy  of  Sciences  in  1898,  and  a  corresponding 
member  of  the  Paris  Academy  of  Sciences  in  1900.  He  was 
Rector  of  the  University  of  Munich  in  the  year  1880,  and  in  that 
capacity  delivered  an  able  inaugural  address  which  afterwards 
appeared  in  print,  entitled  "  Arl^it  und  Fortschritt  im  Weltall." 
Some  time  afterwards  he  was  awarded  a  knighthood,  and  it  is  many 
years  since  he  was  made  a  Privy  Councillor. 

Rest  and  change  during  last  year  seemed  to  have  warded  off  the 
dangerous  cardiac  trouble  with  which  Professor  von  Zittel  had  for 
a  time  been  threatened,  but  before  he  had  completely  recovered 
from  the  effects  of  an  unfortunate  accident  which  befell  him  last 
-October,  he  suffered  a  return  of  the  serious  symptoms,  and  passed 
■away  on  January  5th,  at  the  age  of  64.  A  large  and  very  repre- 
sentative gathering  assembled  to  pay  a  last  honour  to  the  memory 
of  the  man  who  had  so  well  merited  the  impressive  eulogium  which 
was  delivered  at  the  graveside  on  behalf  of  his  sorrowing  colleagues 
of  the  Academy  of  Sciences.  F.  L.  Eitohin. 
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[The  very  admirable  portrait  of  Geheimrath  Prof.  Karl  Alfi*ed 
von  Zittel,  Ph.D.,  For.  Memb.  Geol.  Soo.  Lond.,  accompanying  this 
notice  (Plate  IV),  is  reproduced  by  kind  permission  of  the  Walter 
Scott  Pablishing  Company  (Limited),  Felling  R.S.O.,  co.  Durham,  and 
Paternoster  Square,  London,  E.C. ;  and  appeared  as  the  frontispiece  to 
the  English  edition  of  Zittel's  "  History  of  Geology  and  Palaeontology  " 
in  their  Contemporary  Science  Series. — Edit.  Gbol.  Mao.] 

Im  memory  of  Alfbbd  Gillbtt,  an  excellent  geologist,  and 
a  very  dear  friend  of  many  years,  one  of  the  founders  of  the  Street 
Geological  Museum,  who  died  at  his  residence,  Overleigh,  Street, 
Somerset,  on  the  24th  January,  1904,  in  his  90th  year. 
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I. — A  RSTBOSPEOT   OF    PALiBONTOLOGT  IN    THE    LAET   POBTY   TSABS. 

[Oontimiedfrom  the  February  number,  p,  56.) 

PoLTzoA,  STO. — Among  our  early  contributors  stands  the  well- 
Icnown  name  of  (George  Busk,  author  of  a  "  Catalogue  of  Polyzoa 
in  the  British  Museum  "  (1852-54)  and  a  most  valuable  monograph 
on  the  "Polyzoa  of  the  Crag"  (Pal.  Soc.,  1859).  Busk  sent 
a  paper  (in  1866)  to  this  Magazine  on  ^'Polyzoa  from  the  London 
Clay  of  Highgate,**  desoribing  three  genera  and  speoies  new  to 
soienoe.  Professor  H.  A.  Nioholson  wrote  on  Callopora  incraasata 
from  the  Devonian  of  Canada;  on  Heterodictya  from  the  Devonian 
of  Ontario;  and  on  the  geological  distribution  of  Solenopora 
compacta  (1885).  Professor  Dr.  Ferdinand  Roemer  (in  1880) 
recorded  the  genus  Cauuopora  in  the  Devonian  of  South  Devon. 
Robert  Etheridge,  jun.  (1873),  figured  and  described  Carinella, 
a  new  genus  from  Carluke.  Lanarkshire,  and  Bamipora  from  the 
Caradoc  Beds  of  Corwen,  North  Wales.  G.  R.  Vine  discoursed  on 
Carboniferous  Polyzoa  (in  1880)  ;  F.  D.  Longe  on  Oolitic  Polyzoa 
(in  1881)  ;  and  Dr.  J.  W.  Gregory  on  some  Jurassic  species  of 
Cheilostoroata  (in  1894). 

Bbaohiopoda. — The  historian  of  the  Brachiopoda,  Dr.  Thomas 
Davidson,  who  finished   his  Kreat  work   in  1885,   and   who   was 

pen,  was  a  large  contributor  to  the 

y  years.     His  great  monograph  on 

by  the  Paladontographical  Society, 

11  ust rated  by  over  200  plates  drawn 

He    was    author    of    the    article 

sddia  Britannica,"  and  monographed 

*  Challenger  "  expedition.    He  wrote 

8  Thecidium   (1864) ;    on    perforate 

(1867)  ;    on   the    earliest  forms  of 

oic  rooks  (1868)  ;    Italian   Tertiary 

species  from  Belgium,  and  on    the 

iottish  Silurian  Brachiopoda,  and  on 

877) ;    on  those  of  the  Boulonnaift 

forms  from   Brittany   (1880)  ;    on 


Digitized  by  VjOOQ  IC 


98  A  Retrospect  of  Pakeontology  for  Forty  Years. 

spiral  -  bearing  foriuB  and  on  tbe  genus  Merisia  (1881)  ;  on 
Scottish  Silurian  species  (1883) ;  also  joint  papers  with  Professor 
W.  King  on  Trimerella,  Dinoholus,  and  MonomoreUa;  and  with 
Qeorge  Maw  on  Silurian  Brachiopoda  from  Shropshire.  Professor 
E.  Bay  Lankester  (1870)  wrote  on  a  new  large  Terebratula  from 
tbe  Drift  of  Suffolk,  which  be  named  Terehratvla  rex  (p.  413). 
G.  J.  A.  Meyer  (1864)  on  tbe  Lower  Qreensand  Brachiopoda, 
Surrey;  (in  1868)  on  the  development  of  tbe  loop  and  septum  in 
TerebrateUa;  Professor  William  King  (1867)  on  perforated  PalsBOzoio 
Spiriferidas.  John  Francis  Walker,  in  tbe  same  year,  described  new 
Terebratulid»,  Waldheimia  Davidsoni,  W.  Woodwardi,  and  T.  DaUasii ; 
and  in  1868  twelve  other  species  of  Brachiopoda,  all  from  the  Lower 
Qreensand  of  Up  ware ;  he  added  two  varieties  of  T,  depressa  and 
two  new  species,  T.  Seeleyi  and  Bhynehonella  Crossii,  also  from 
Upware,  in  1870.  That  author  noticed  (1878)  tbe  occurrence  of 
T.  Morieri  in  England,  and  in  1892,  the  discovery  of  2\  svbstriata 
near  Scarborough,  Yorkshire.  Tbe  well-known  Canadian  palaeonto- 
logist Elkanah  Billings  (bom  1820  and  died  1876)  achieved 
admirable  work  in  his  busy  life  in  monographing  Corals,  Brachio- 
poda, Crinoids,  Trilobites,  Qraptolites,  and  plants  (see  Decades  of 
Survey  on  ''Canadian  Organic  Remains").  He  contributed  an 
excellent  paper  and  plate  in  1868  on  Strichlandinia  Davidsoni  and 
8,  Salteri  (p.  59).  Professor  G.  Lindstrom,  of  Stockholm,  wrote  on 
the  genus  Trimerella  (in  1868) ;  the  Eev.  N.  Qlass  described  the 
modifications  in  the  spirals  of  fossil  Brachiopoda  (1888),  and  of  the 
loop  in  Athyrii  lavttucula  (1891);  S.  S.  Buckman  bad  a  paper  on 
Jurassic  Brachiopoda  in  1886 ;  E.  Westlake  on  Terehrattda  from  the 
Upper  Chalk  of  Salisbury  in  1887  ;  Dr.  John  Young  on  the  minute 
shell-structure  of  Eichwaldia  Capewelli,  and  on  tbe  shell-structure 
of  Chonetes  Laguessiana  from  tbe  Lower  Carboniferous  Limestone 
series  of  Lanarkshire.  Dr.  A.  H.  Foord  noticed  West  Australian 
Brachiopoda ;  J.  L.  Lobley  tbe  range  of  British  fossil  Brachio- 
poda; R.  Bullen  Newton  (1892)  wrote  on  Chonetes  Pratti  from 
the  Carboniferous  rocks  of  West  Australia ;  F,  R.  Cowper  Reed 
on  some  abnormal  forms  of  Spirt/era  lineata,  Martin  (1893),  and  on 
Eumetrta  (?)  serpentina,  a  Carboniferous  Brachiopod  new  to  Britain 
(1898).  Dr.  G.  F.  Matthew  described  and  figured  tbe  oldest  known 
Siphonotreta  ( Protosiphon)  Kempanum  from  Cambrian,  Division  lb  of 
the  St.  John  Group,  N.B.  Canada  (1897).  Agnes  Crane  gave,  in  a 
clever  paper,  the  evolution  of  the  Brachiopoda  (1895) ;  and  R.Etheridge 
noticed  the  fossils  of  the  Red  Beds,  Lower  Devonian,  Torquay  (1882). 
MoLLUSOA. — Many  of  tbe  earlier  and  more  important  papers  on 
Mollusca  dealt  with  this  class  from  a  geological  aspect,  such  as  that 
by  R.  D.  Darbishire  (1865)  on  the  fossil  shells  obtained  from  the 
Drift-beds  of  Macclesfield.  The  author  refers  to  the  Moel  Tryfaen 
shells  near  Carnarvon  at  1.350  feet  above  sea-level,  from  which 
60  species  of  mollusca  were  obtained ;  to  those  of  Gynn,  between 
Blackpool  and  Fleetwood,  Lancashire.  The  highest  points  about 
Macclesfield  discovered  by  Sir  J.  Prestwich  was  at  the  Setter  Dog  Inn, 
on  the  Buxton  Road,  1,200  feet  above  sea-level.     Mr.  Darbisbire's 
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specimens  were  obtained  from  the  Free  Park  Cemetery,  Macclesfielcl, 
where  about  50  species  were  collected. 

Dr.  S.  P.  Woodward  wrote  (in  1864)  on  Plicaiula  sigiUina  from 
the  Upper  Chalk  of  Cambridge,  and  on  the  fossil  shells  from  the 
Bridlington  Crag  (1864) ;  44  species  were  enumerated.  In  a  later 
iist  (1881)  supplied  by  C.  W.  Lamplngh,  some  67  species  were 
recorded.  An  admirable  memoir  by  Mrs.  McKenny  Hughes  was 
contributed  in  1888  on  the  Mollusca  from  the  Pleistocene  Gravels 
of  Barnwell,  Cambn<lge,  which  dealt  with  both  the  geology  and  the 
shells,  80  species  being  accurately  listed,  also  many  other  forms 
both  of  vertebrate,  invertebrate,  and  plant- remains.  G.  Sharman 
and  £.  T.  Newton  (in  1896)  recorded  the  occuiTcnce  of  Cretaceous 
fossils  in  the  Drift  of  Moreseat,  Aberdeen,  of  whioii  they  gave  a 
carefully  prepared  list  of  40  species  of  Mollusca,  besides  Brachiopoda, 
Echinodermata,  etc.  A.  J.  Jukes-Browne  (in  the  same  year)  noticed 
the  fossils  from  the  Warminster  Greensand.  J.  Starkie  Gardner 
(1873  and  1875)  described  the  genus  Aporrhais,  and  noticed  other 
Ganlt  Gasteropoda  in  a  series  of  six  papers  (1876,  77,  84,  85). 
H.  Wootlward  figured  Boitdlaria  Frieei  from  the  Grey  Chalk,  and 
F.  G.  H.  Price  Rostellaria  maxima  from  the  Gault,  both  extracted 
from  the  Folkestone  cliffs.  W.  H.  Hudleston  discoursed  on  the 
Palaeontology  of  the  Yorkshire  Oolites  (1880),  and  on  the  Gasteropoda 
of  the  Portland  Beds  of  the  Vale  of  Wardour  (1881).  Edward  Wilson 
(1887)  figured  and  recorded  15  new  species  of  Liassic  Gasteropoda, 
and  with  W.  D.  Crick  in  1«89  wrote  on  the  Gasteropoda  from 
the  Lias  Marlstone  of  Tilton.  E.  Wilson  also  published  in  1890 
a  list  of  types  in  the  Bristol  Museum;  H.  E.  Quilter  (1886)  fossils 
from  the  Lower  Lias  of  Leicestershire ;  and  R.  Tate  from  the  Lias 
of  Banbury  (1875).  Dr.  John  Lycett  discussed  (in  1881)  the 
generic  distinctness  of  Furpuroides  and  Purpura,  R.  Etheridge,  jun., 
^lesoribed  (in  1873-74)  new  species  of  Lamellibranchiata  from  the 
Carboniferous  of  Scotland,  the  genus  Conularia  (1873),  Modiola 
IHkodomides  (1875),  and  contributed  five  other  papers  (1876-79) 
on  Carboniferous  Mollusca.  F.  R.  Cowper  Reed  (1901)  figured  and 
noticed  some  of  Salter's  undescribed  Mollusca  in  the  Woodwardian 
Mnaeam. 

The  first  article  in  1864  w£ts  by  J.  W.  Salter  on  the  fossils 
from  the  Old  Red  pebbles  at  Budleigh  Salterton.  H.  Woodward 
wrote  upon  an  Upper  Silurian  Chiton  from  the  Girvan  district, 
upon  recent  and  fossil  Pleurotomaria  (both  in  1885),  and  on 
PUuroioma  pritea  (1901).  The  Rev.  G.  F.  Whidborae  described 
in  the  same  year  some  Devonian  fossils  from  Devonshire.  Ralph 
Tate  (in  1868)  defined  the  genus  Axinopsis.  In  1871  Professor 
J.  W.  Judd  gave  an  interesting  account,  with  figures,  of  the 
anomaloas  mode  of  growth  of  certain  oysters  from  the  Cornbi*ash  of 
Scarboroogb,  Weymouth,  and  Peterborough,  parasitic  on  Ammonite 
ifbella,  etc.  B.  B.  Newton  contributed  a  paper  on  the  genus  Leoeillia, 
F.  E.  Edwards  (in  1865)  described  some  new  species  of  Oyprtaa  and 
Jfarginella.  In  1902  General  McMahon  and  W.  H.  Hudleston  figured 
a  serien  of  fossils  from  the  Hindu  Khoosh,  and  the  latter  communicated 
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(1884  and  1890)  two  papers  on  foseil  Molliisca  from  South  Aoatraliau 
Professor  T.  Bupert  Jones  (1890)  desoribed  bivalved  shells  froD» 
the  Karoo  formation  of  South  Afrioa;  B.  B.  Newton  (1898-99) 
some  Cretaceous  and  Miooene  shells  from  Egypt ;  a  large  number  of 
Pleistocene  shells  from  a  raised  beach  on  the  Bed  Sea  (1900)  ; 
Mesozoic  fossils  from  Borneo  (1897) ;  and  lastly,  TremaionoUiR, 
an  American  PalsBozoio  Gasteropod,  found  in  Britain  (1892). 
B.  J.  L.  Quppy  gave  a  list  of  Tertiary  fossils  from  Trinidad 
(1865)  ;  described  Orepiiacella  and  six  new  species  of  Mollasoa  from 
the  Caribbean  Miooene  (in  1867) ;  and  some  West  Indian  Tertiary 
fossils,  chiefly  Mollusca  (in  1874).  H.  Woodward  (in  1879) 
described  a  series  of  74  species  of  Tertiary  Mollusca,  obtained  by 
M.  Verbeek  from  Sumatra  (pp.  385,  441,  492,  535).  Dr.  A.  EL 
Foord  (1890)  figured  a  number  of  fossils  from  the  Eimberley 
District  of  Western  Australia.  H.  M.  Jenkins  (1866)  wrote  on 
Trigonia  from  the  Tertiary  deposits  of  Victoria,  Australia ;  and 
Professor  M'Coy  replied  to  his  criticism  on  the  species  of  Trigonia. 
Dr.  0.  A.  L.  Mdrch  (in  1871)  described  the  Mollusca  of  the  Crag 
formation  of  Iceland,  giving  a  list  of  61  species.  "  At  present  ** 
(wrote  Dr.  Morch)  '*  the  north  coast  of  Iceland  is  quite  Arctic,  but 
in  the  Crag  period  the  temperature  must  have  been  much  milder, 
at  least  as  mild  as  at  present  on  the  west  coast  of  Beikiavik."  The 
change  had,  the  author  believed,  resulted  from  an  elevation  of  the 
land,  which  had  prevented  the  free  passage  northwards  of  the  great 
equatorial  current  of  the  Gulf  Stream.  Sir  J.  Prestwioh  wrote,  in 
1882,  on  Oyrena  fluminalis  found  at  Summertown,  near  Oxford,  and 
B.  G.  Bell,  in  1884,  on  Land-Shells  from  the  Bed  Crag. 

Cephalopoda. — During  the  past  forty  years  the  class  Cephalopoda 
received  special  attention  from  many  expert  writers,  as  will  be  seeiv 
from  the  following  summary: — An  excellent  general  history  of 
the  Cephalopoda,  Becent  and  Fossil,  was  contributed  in  1878  by- 
Agnes  Crane,  which  may  still  be  read  with  pleasure  and  profit. 
In  1887  Dr.  F.  A.  Bather  wrote  on  "The  Growth  of  Cephalopod 
Shells,"  and  carefully  described  and  figured  the  internal  structure 
of  the  shell,  giving  his  own  views  on  the  subject  as  well  as- 
Dr.  Biefstahl's.  Another  article  of  general  interest  was  that  com- 
municated by  Dr.  A.  H.  Foord  describing  the  Cephalopod  Gkllery 
of  the  British  Museum  (Natural  History),  Cromwell  Boad  (1895, 
p.  391),  illustrated  by  27  figures;  it  still  serves  as  an  excellent 
guide  to  the  series  of  Ammonites  exhibited.  Among  the  dibranchiate 
forms  abundantly  represented  among  the  living  Cephalopoda,  but 
so  rare  in  a  fossil  state,  there  is  a  charming  little  form  which  was 
figured  and  described  by  H.  Woodward  under  the  name  of  JD&rn- 
teuthis  syriaca,  from  the  Cretaceous  beds  of  Sahel  Alma,  near  BeirtlU 
Lebanon,  Syria  (1883).  Other  and  larger  forms  have  since  been 
recorded  by  that  author  and  by  G.  C.  Crick  from  the  same  locality* 
The  remarkable  thing  is  the  preservation  on  the  slab  of  the  out  linen 
and  much  of  the  details  of  the  soft  structures  of  the  animal  a8  wa& 
observed  in  Belemnoteuthis  and  other  forms  from  the  Oxford  Clay  of 
Chippenham,  and  described  in  1842  by  Pearce  &  Owen.    G.  C.  Crick 
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wrote  in  190 1  upon  ArnvMuites  Bamiaifanus  from  tbe  Gbalk  of  Chard- 
aftook,  Somerset;  A.  euomphalua  (1899)  from  the  Lower  Chalky 
near  Lyme  Eegi«,  cblleoted  by  Dr.  Bowe  and  Mr.  C.  D.  Sherbom; 
and  on  a  deformed  BopUte$  from  the  OauU  of  Folkestone* 
Messrs.  Foord  &  Cnck  wrote  (in  1891)  on  the  identity  of 
N.  neocomieim»  with  iV.  Deslonggehampnianus  from  the  Grey  Chalk, 
anil  ou  JV.  elegans  from  the  Lower  Glial k  and  Greensand 
(1890).  Dr.  Blackinore  (in  1896)  endeavoured  to  prove  that 
some  of  the  bodies  known  as  Aptgehi,  from  the  Chalk  of  Salittbury, 
belonged  to  Beleiniiites.  His  eonolusion  was  that  (1)  Aptyjchut 
rugoBuB  is  t lie  |>ro-o8tracum  of  Belemniielia  mucronala ;  (2)  Aptychus 
Upi^phyUoB  is  the  same  part  of  J^  lanceokUa ;  (3)  Aptychus  PortlochU 
is  the  pro-ostraouui  of  B.  quadraia ;  (4)  the  large,  ooarsely  punctate 
AplychuB  from  the  IMLarsupite  zone  is  the  true  Aptychus  of  Ammatdtet 
lepiophylluB,  E.  H.  L.  Sohwarz  wrote  on  Aptychus  in  Ammouitea» 
and  supporte<]  the  oonolusion  of  S.  P.  Woodward  (see  Th& 
Geologist,  1860)  and  H.  Woodward  (Gbologioal  Magazimb, 
1885)  that  the  Aptychus  is  really  equivalent  to  the  calcified  and 
coalesced  pair  of  dorsal  arms  which  form  the  'hood'  or  operculum 
in  the  Iivin<^  Nautilus.  He  has  a  second  paper  in  1895  on  the  shell- 
structure  iu  the  Amiuonoidea.  lu  1886  S.  S.  Buckmau  wrote  ou  the 
lobe-liue  of  Lias  Ammonites^  in  1887  and  1889  he  described  some 
Jurassic  Amniouites,  and  in  1894  he  discussed  the  species  belonging 
to  the  genus  Cymbites  from  the  Lower  Lias  of  Lyme  Regis.  E.  T. 
Newton  wrote  (in  1891)  on  Ammonites  jurensis  from  the  Ironstone  of 
the  Northampton  Sands;  G.  C.  Crick  on  some  Jurassic  Cephalopoda 
from  Western  Australia  (1894),  on  Coccoteuthis  hastiformis  (1896) 
and  Aeantltoteuthis  speciosa  (1897),  both  from  the  Lithographic  Stone 
of  Soleuhofen  ;  he  poiuted  out  that  Nautilus  truncatus,  referred  to  the 
LtaSy  really  belongs  to  the  Cornbrash ;  he  defined  Ammonites  calcor 
from  the  Lower  Oxfordian  (in  1899),  and  Ammonites  polygonus, 
A.  discoides,  and  Tniaegoceras  (1902)  from  the  Lias,  and  a  Jurassio 
Belemnite  from  Somaliland  (1896).  H.  Tate  discovered  and 
recorded  the  oldest  British  Belemnite  (B,  prematurus)  from  the 
Lower  Lias,  Antrim  (1869).  A.  H.  Foord  and  G.  C.  Crick 
figured  in  1889  the  muscular  impressions  of  Ccelonantilus 
^eetriniferuB ;  described  PleuronautHus  (1891);  Vestinautilus  and 
Dibcites  Ilibernicus  in  1893;  described  and  figured  Prolecanites^ 
TemmoehiluA  from  the  Carboniferous  of  Cork,  Ireland,  in  1894; 
4Uid  Nautilus  robnstus  from  the  Middle  Lias  of  Les  Moutiers, 
Normandy,  in  1902.  G.  C.  Crick  wrote  on  Goniatitea  evolulus  and 
NauUluB  teiragonus  in  1896,  and  Ephippioceras  (1900)  ;  and  A.  H. 
Foonl  figureil  Acanthonautilus  bispinosus  (1897).  F.  R.  Cowper  Heed 
desoribeii  PleuronautHus  Scarlettensis,  sp.  nov.,from  the  Carboniferous 
Limestone  of  the  IhIc  of  Man,  in  1900.  F.  Roemer  (1880)  and 
J.  E.  Lee  (in  1877)  noticed  the  occurrence  of  Qoniatites,  etc., 
in  the  Upper  Devonian  of  Torbay.  The  late  Professor  H.  A. 
Nicholson  gave,  in  1872,  a  description  and  figure  of  Endoceras 
^roieiforme.  Hall,  from  the  Coniston  series  (Silurian),  Skelgill  Beck, 
Ambleside.      Dr.  A.   H.   Foord    (1887)    wrote  on   Salter's   genus 
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Piloceras  from  the  Tremadoo  Slates,  and  on  the  perforated  apex  and 
Biphunole  of  Actinoceras  from  the  Blaok  Biver  Formation  (Silurian), 
Canada.  Professor  Q.  Lindstrom  (1888)  described  Barrande's  gena» 
Ageoceras  from  the  Upper  Silurian  of  Gotland,  and  announced  the^ 
discovery  of  an  earlier  or  Nautilus  stage  in  the  growth  of  thia 
Cephalopod  shell,  which  was  evidently  decollated  in  the  later  period 
of  its  life,  leaving  the  Ascoceras  form  behind.  This  was  more  fully 
illustrated  by  Dr.  A.  H.  Foord  (in  1889).  The  earlier  part  of  the 
shell  seems  to  have  been  composed  of  a  series  of  air-chambers, 
which  were  periodically  thrown  off  by  natural  truncation.  It  ia 
interesting  to  notice  that  some  modern  land-shells  (e.g.  Bulimus^ 
decollatus)  throw  off  the  apex  of  their  spiral  shells,  living  after- 
wards in  a  truncated  shell,  the  top  of  which  is  closed  by 
a  diaphragm.  In  1891  Dr.  A.  H.  Foord  discussed  OrthoceraUtes^ 
vaginaius,  Schl.,  from  the  Silurian  of  Sweden ;  and  in  1903^ 
G.  C.  Crick  described  some  new  forms  of  Orthoeeras  from  the 
Silurian  of  the  Province  of  Shantung,  North  China.  In  1897 
Dr.  Gerhard  Holm  figured  Bahoceras,  a  new  genus  of  Ortho- 
oeratitidad  from  the  grey  Lituites  Limestone  of  the  I.  of  Gland,  a  form 
of  Orthoeeras  with  a  marginal  or  sub-marginal  siphon. 

PisoES. — In  our  retrospect  of  Vertebrate  Palaeontology  we  find 
in  the  Gbolooioal  Maoazimb  a  vast  store  of  most  important 
contributions  to  all  the  great  sections,  that  of  fossil  fishes  being  par- 
ticularly rich  and  varied.  Foremost  among  writers  in  Ichthyology 
stands  the  name  of  the  veteran  zoologist,  Dr.  Albert  Gunther,  wha 
from  1856  to  1895  devoted  himself  specially  to  the  study  of  Reptiles 
and  Fishes  in  the  British  Museum,  and  was  Keeper  of  Zoology  for 
20  years  (1875-95).  He  wrote  a  description  in  vol.  i,  1864,  of 
a  new  fossil  fish  from  the  Lower  Chalk  of  Folkestone,  which  he 
named  Flinthophorus  rohusiue;  and  in  1876  described  10  speciea 
of  fishes  from  the  Tertiary  Marl-slates  and  Carbonaceous  shales  of 
the  Padang  Highlands,  Central  Sumatra,  collected  by  B.  D.  M. 
Verbeek,  illustrated  by  five  large  folding  plates.  Our  old  chief. 
Professor  Owen,  who  for  27  years  (1856-83)  held  the  post  of 
Superintendent  of  the  Natural  History  Departments  in  the  British 
Museum,  contributed  numerous  papers  to  the  Magazine,  six  being 
devoted  to  fossil  Ichthyology.  In  1865  he  described  a  jaw  of 
Stereodus  melitensis  from  the  Miocene  of  Malta ;  he  figured  and 
named  a  sauroid  fish  from  the  Eimmeridge  Clay,  Oxfordshire, 
Ditaxiodus  impar  (1866)  ;  Thlattodus  suchoides  from  the  same^ 
horizon  at  Downham,  Norfolk.  In  1867  he  made  a  large  number  of 
genera  and  species  of  fishes  from  the  coal-shales  of  Northumberland  ;- 
many  of  these  minute  fish-remains  were  later  on  (p.  379)  suggested 
to  be  dermal  ossicles  of  large  fishes,  and  others  to  be  the  teeth  of 
fishes  already  described  by  Agassiz  and  others.  In  1869  Owea 
noticed  a  fine  jaw  of  Strophodus  from  the  Oolite  of  Caen,  Normandy, 
a  fossil  shark  closely  related  to  the  living  Port  Jackson  shark, 
Cestracion  PMHppi^  of  which  a  woodcut  was  given  on  p.  236. 
He  also  described  and  figured  a  spine  of  Zepracanthus  Colei,  from 
the  Coal-measures,  Bua^n,  North  Wales  (1869).    Professor  Bay 
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Xjankester,  now  Director  of  the  British  Museum  of  Natural  History, 
b^an  in  1867  to  write  on  fossil  fishes,  and  described  a  new 
Cephalaspid  (probably  an  Auchenaspis  from  Malvern);  Didymaspis 
Orindrodi  from  the  Lower  Old  Red  of  Ledbury  ;  a  new  Cepha" 
laspU  (C.  Dawsoni)  discovered  in  Lower  Devonian  beds,  Gasp6 
Bay,  Canada  (1870) ;  and  on  FUraspis  and  SeaphasptB  (1873-74). 
In  1873  Professor  Dr.  Frederic  Schmidt  had  a  note  on  FteratptB 
Kneri,  pointing  ont  that  Scaphatpii  is  the  ventral  shield  of  FteratpU  I 
Lankester  wrote  also  (in  1873)  on  Eola$pis  sericem  from  the 
ComstoneB  of  Abergavenny,  and  on  the  relationships  of  FierMpia, 
ChfcUhaspis,  and  Scaphct8pi$;  and  on  HoloBptB  (p.  831)  and  Ftera9pi$ 
(p.  478).  J.  E.  Lee  described  (1882)  some  Pteraspidean  plates  from 
the  Devonian  of  Gerolstein,  in  the  Eifel;  and  H.  Woodward  (1881) 
fignred  a  head  -  shield  of  the  genus  ZenasptB  from  Old  Bed, 
Aber^venny.  An  old  and  highly  esteemed  member  of  the  Staff  of 
the  Geological  Department,  William  Davies,  in  1871  contributed 
a  catalogue  of  the  type  -  specimens  of  fossil  fishes  in  the  British 
Museum.  (A  list  of  the '  types '  in  the  Egerton  Collection  appeared 
in  1869,  and  those  of  the  Enniskillen  Collection  in  the  same  year. 
Both  these  most  valuable  collections  have  been  acquired  for  the 
nation,  and  are  now  added  to  the  Geological  Department.)  An 
important  paper  by  William  Davies  was  published  in  1872  on  the 
rostral  prolongations  of  Squalor aia  polyspondyla,  Ag.,  from  the 
Lower  Lias  of  Lyme  Regis ;  these  are  organs  for  holding  the  female, 
being  only  present  in  the  male,  and  correspond  to  the  rostral 
olaspers  of  the  male  Chimsdndss.  The  frontal  spine  and  rostro-labial 
oartUages  of  Squaloraia  and  Chtmara  formed  the  subject  of  an 
important  paper  by  0.  M.  Beis  in  1895,  in  which  a  large  amount  of 
anatomical  details  was  given,  with  careful  figures  and  sections. 
Mr.  Davies  wrote  also  (1878)  on  Saurocephalus  lanei/ormis  and 
8,  Woodwardii  from  the  Chalk  of  Kent  and  SusHex,  and  on  Pholido- 
pkoms  purbeckenBtB  and  F.  brevis  from  the  Purbeck  of  Dorset. 
E.  0.  H.  Day  (1864)  described  and  figured  a  very  beautiful  and 
perfect  jaw  of  Acrodus  Anningia,  and  dorsal  spines  belonging  to  the 
same  shark,  which  must  have  been  closely  related  to  the  living  Port 
Jackson  shark,  having  the  mouth  provided  with  numerous  rows 
of  crushing  teeth  (known  by  the  quarry  men  as  '  fossil  slugs '). 
Sir  Philip  Egerton  (1877)  defined  four  species  of  Pyonodonts : 
CaloduB  eUiptieus,  Ganlt,  Folkestone ;  C,  gyrodoides,  Greensand,  near 
Lyme;  Fycnodus  BotoerhanJcii  and  P.  pachyrhinuB,  both  from  the 
London  Clay,  Sheppey ;  illustrated  by  two  excellent  plates.  James 
Powrie,  of  Keswallie,  Forfarshire,  wrote  (1867)  on  the  genus  CheirO' 
leptB  from  the  Old  Bed  Sandstone.  T.  P.  Barkas  figured  teeth  of 
CtenodvB  from  the  Coal  Shale  of  Newsham  Colliery ;  and  our  old 
colleague,  Professor  John  Morris,  figured  and  described  JEchmoduB 
orhiadariB  from  the  Lias  of  Lyme  Begis.  The  Bev.  Professor 
K  B.  Lewis,  of  the  Syrian  Protestant  College,  Beirilt,  gave 
(in  1878)  an  excellent  account  of  the  localities  in  the  Cretaceous 
beds  of  the  Lebanon  where  fossil  fishes  could  be  obtained.  His 
collection  from  Hakel  and   Sahel  Alma  now   enriches   the  British 
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Maseam  Qeologioal  Collection.  In  1886  James  William  Da^is 
noticed  a  number  of  teeth  of  fishes  from  Tertiary  bed»  of  New 
Zealand,  comprising  Lamna,  Carcharodon,  NoUdaMf,  Mtjiiobatis,  etc. 
He  gave  a  furtlier  note  on  New  Zealand  Tertiary  fishes  in  1888, 
which  lie  referred  to  the  genus  Sejfmntu,  He  recorded  thirteen  8pe(»e» 
of  fish-remains  from  the  Carboniferous  Limestone  of  Derbyshire, 
mostly  palatal  teeth  of  Fetaioihm,  Fetalorkymchus,  Str^lodm, 
P$ephodu8,  etc.  This  bright  and  promising  naturalist  and  geologist 
passed  away  at  the  early  age  of  47  years,  a  victim  to  overworit. 
A  very  interesting  lohthyodorultte  named  Edestus  Davisii,  discovered 
OB  the  Gkieooyne,  Western  Australia,  was  figured  and  described  by 
Henry  Woodward  in  1886  ;  this  form  is  now  supposed  to  be  the 
coiled  dentition  of  a  Carboniferous  shark.  Entire  coiled  examples 
have  been  obtained  from  deposits  of  similar  age  in  Russia  by 
A.  Earprnsky. 

Nearly  fifty  separate  papers  on  fossil  fishes  have  been  contributed 
by  two  authors  in  about  equal  proportions.  Dr.  B.  H.  Traqnair's 
extended  over  31  years,  from  1871  to  1902,  and  number  twenty -three; 
Dr.  Arthur  Smith  Woodward's  over  17  years,  from  1886  to  1903,  and 
number  twenty-two. 

Dr.  Traqnair's  first  paper,  in  1871,  dealt  with  the  genus 
JPhaneropleuron  from  the  Lower  Carboniferous  (Bnrdiehouse  Lime* 
stone)  of  Edinburgh,  of  which  genus  he  gave  an  excellent  plate  and 
a  restored  outline  (for  Dr.  Traquair,  like  Dr.  Davidson,  is  equally 
fhcile  with  pen  and  pencil,  his  blackboard  sketches  as  ''Swiney 
Lecturer"  being  unsurpassed  by  anyone).  In  1873  he  described 
a  new  Dipnoid  fish,  Oanorhjnehus  Woodwardi;  and  in  1874 
Cyclopt^cJUns  earhonarius  from  the  Coal-measures  of  N.  Staffordshire. 
The  fish-remains  from  Borough  Lee,  near  Edinburgh,  engaged 
Traquair's  attention,  when  he  published  three  papers  (in  1881), 
and  a  fourth  one,  upon  Pleuracanthua  horridfUus,  in  1882.  In 
1884  he  wrote  on  Ctenacanthus  costellatns  from  Eskdale,  and  on 
the  genus  MegaliehtkyB  from  the  Hugh  Miller  Collection ;  and 
in  1885  on  Faephodus  magnua  from  the  Carboniferous  Limestone 
of  East  Kilbride.  In  1886  and  1888  Dr.  Traquair  wrote  on 
the  English  PalaBoniscidae,  and  on  Chondroateua  acipenaeroidea, 
a  sturgeon-like  fish  from  the  Lias  of  Lyme  Begis,  in  1887;  on 
Carboniferous  sharks  and  on  the  nomenclature  of  Old  Bed  Fishes 
in  1888;  on  Jlomoateua  and  Coccoatena  and  on  Dipterua  fnaeroptema 
in  1889.  In  1890  Traquair  discussed  in  two  papers  the  Devonian 
Fishes  of  Soaumenac  Bay  and  Campbell  town,  Canada,  including^ 
very  perfect  remains  of  buckler-coated  fishes  like  Bothriolepia 
canadenaia,  Coccoateua,  Cephalaapiat  and  many  other  genera.  He 
wrote  again  on  fishes  from  Borough  Lee  (1890) ;  on  Myrioleph 
from  the  Kilkenny  Coalfield  in  1893,  and  on  Diplacanthua  in  1894. 
In  1900  Traquair  gave  restorations  of  Drepanaapia,  a  wonderfol 
new  Cephalaspid  fish  from  the  Devonian  Slates  of  Qmiunden  in 
Western  Germany,  and  he  added  further  and  corrected  figures  in 
1902.  His  Address  (1900)  to  the  British  Association  (p.  463)  on 
the  bearings  of  fossil  Ichthyology  on  Evolution  was  a  very  important 
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contribation  to  our  scionoe,  and  treated  most  pliiIo8ophic»ILy 
by  the  author.  In  hk  paper  on  the  Lower  Oarboniferoua  Fishes 
of  Fifeshm,  Traquair  enumerated  87  fishes  from  the  Oalcifercxis 
fiandatone  and  Carboniferous  Limestone  series.  These  extraordinary 
fiahesy  with  others  from  the  Silurian  of  Lanarkshire  (pp.  67-69^^ 
IdOO),  add  to  and  complete  a  splendid  record  of  lohthyologioat 
roaottroh,  to  which  must  be  added  his  memoirs  in  the  Pakdonto- 
graphioal  Society's  volumes  and  in  those  of  the  G^logioal  Survey 
and  elsewhere. 

Sotenoe  gained  neatly  when  Arthur  Smith  Woodward,  following 
in  the  steps  of  the  veteran  William  Davies,  took  up  the  study  of 
fossil  fishes,  for  not  only  did  he,  by  constant  energy  and  perseverance, 
aooomplish  a  vast  amount  of  admirable  work  in  this  branch  of 
science,  but  he  was  instrumental  in  inspiring  his  senior  fellow- 
worker.  Dr.  Traquair,  of  Edinburgh,  with  a  spirit  of  generous 
rivalry,  which  stimulated  that  very  deliberate  and  careful  anatomist 
to  abandon  his  long  accustomed  habits  of  reserve  and  extreme 
caution,  and  to  publish  in  an  unusually  brief  time  many  new  and 
important  contributions  to  fossil  Ichthyology.  Dr.  Arthur  Smith 
Woodward  commenced  to  write  on  fossil  fisbes  in  this  Magazine  in 
1886,  by  giving  an  account  of  the  Selachian  genus  Nolidanus,  a  shark 
still  living  and  extending  back  to  the  Lias;  fourteen  fossil  species 
of  which  were  duly  recorded.  Post-Liassio  species  of  Acrodm  and 
Holoeentrum  from  Malta  followed,  also  in  1887.  A  beautiful  jaw  of 
the  Cretaceous  shark  Synechodua  in  the  Brighton  Museum  was  figured 
and  described  in  1888.  A  gigantic  species  of  BhinohatiSf  one  of  the 
Bays  (cooamonly  called  'old  maids'),  a  Selachian  fish  from  the 
Lithograpbic  Stone  of  Bavaria,  was  delineated  and  noted  by  A.  Smith 
Woodward;  EurycormuB  grandis  and  seven  other  British  Jurassic 
fishes,  and  Onychodua  from  the  Devonian  of  Spitzbergen,  were 
recorded  in  1889.  In  1890  the  same  author  described  the  head 
of  Eurycormw  from  Ely ;  and  remains  of  a  huge  fish,  Leedsia 
prohlematiea,  from  Peterborough.  Fossil  fish-teeth  from  the  Cre- 
taceous and  Tertiary  of  Belgium  and  PhoUdophorua  from  the  Lias 
of  Whitby  were  noticed  in  1891 ;  papers  on  Lower  Devonian 
fish  from  New  Brunswick,  on  the  Devonian  fish  fauna  of  Canada, 
and  on  a  fossil  saw-fish,  Sclerorhynchua  atavna^  from  the  Lebanon 
Cretaceous,  followed  in  1892.  A  gigantic  Eocene  Skate  {Myliobatts) 
from  Egypt,  a  Greensand  Pycnodont  fish  (Athrodon),  and  other 
Upper  Jurassic  species  appeared  in  1893 ;  a  second  British  Jurassic 
Ettrycormua  in  1894;  the  fossil  fish  fauna  of  the  English  Purbeck 
beds,  and  Synopsis  of  Ganoid  fishes  of  the  Cambridge  Greensand,  in 
1895 ;  Wealden  fishes  in  1896 ;  and  as  a  companion  to  Bhinohatia 
a  still  grander  specimen,  a  Squatina,  the  '  angel-fish  '  or  monk-fish, 
a  metre  in  length,  most  beautifully  preserved,  from  the  Lithographic 
Stone  of  Wurtemberg,  showing  the  entire  outline  and  skeleton  of 
the  fish;  and  lastly,  a  Carboniferous  Liatracanthua  in  1903.  In  1874 
R.  Etheridge,  jun.,  described  a  Fetalorhynchna  from  E.  Kilbride; 
T.  Stock  a  Bhizodua  (nearly  entire)  from  the  Wardie  shales  (1881); 
•the  late  J.  C.  Mansel-Pleydell  a  Purbeck  Hiationotua  (in    1889). 
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J.  H.  Cooke  recorded  the  remains  of  Stereodon  meliieruts  from  Malta 
(1891);  E.  T.  Newton  wrote  on  OnychoduB  from  the  Old  Bed  of 
Forfarshire  (1892)  ;  H.  Bolton  on  Lislracanthus  $pinaluB  from  the 
English  Coal-measares  (1896) ;  E.  D.  Wellbam  on  Bkadiniehikif9^ 
from  the  Coal-measares,  Yorkshire  (1900),  and  the  fish  fanna  of  the 
Millstone  Grit  (1901).  Lastly,  Professor  0.  B.  Eastman  wrote  on 
a  new  EdestusAyk^  form  of  fish-dentition  named  Campylopriorif  tronh 
the  Ooal-measures  of  Nebraska,  U.S.,  1902. 

( To  be  concluded  in  our  next  Number,) 


U.  —  Sedqwiok    Museum    Notes.* 

By  F.  E.  CowPER  Reed,  M.A.,  F.G.S. 

(PLATE  V.) 

New  Fossils  from  the  Haverfordwest  Distriot. 

THE  reoent  gift  to  the  Museam  of  a  fine  series  of  Lower  Paladozoio 
fossils  from  the  Haverfordwest  area  by  Mr.  Y.  M.  Tumbull,  M.A.^ 
who  has  personally  oolleoted  them  with  much  care,  has  at  length 
provided  us  with  the  means  of  determining  many  of  the  interesting 
species  which  were  mentioned  without  specific  names  (on  account 
of  their  imperfect  preservation)  by  Messrs.  Marr  and  Boberts  in 
their  paper  on  this  district.'  The  collections  from  which  their  lists- 
were  drawn  up  are  in  the  Sedgwick  Museum. 

Several  species  new  to  science  or  to  the  locality  can  now  be 
accordingly  described,  but  others  must  still  await  the  acquisition  of 
better  material. 

I.   Phaoops  Bobertsi,  sp.  nov.     (Plate  V.) 

A  large  number  of  specimens  of  a  species  of  Phacops  were 
collected  by  Messrs.  Marr  and  Boberts  from  the  Sholeshook  Lime- 
stone and  Bedhill  Beds,  but  the  material  was  scarcely  good  enough 
for  a  sufficient  diagnosis  of  specific  characters.  Mr.  Turnbull's  new 
specimens  of  the  same  form  have  now  supplied  this  want 

Desoription. — Head-shield  nearly  semicircular  or  broadly  para- 
bolic, obtusely  pointed  in  front,  about  twice  as  broad  as  long,  gently 
convex  from  back  to  front,  strongly  convex  from  side  to  side  with 
the  cheeks  bent  down  ;  anterior  border  present 

Glabella  elongated,  expanding  gradually  towards  the  front  to 
about  double  the  basal  width;  rather  narrow  in  relation  to  head- 
shield,  the  base  being  only  about  a  quarter  its  width ;  nearly  three 
times  as  long  as  wide  at  base ;  sides  nearly  straight  behind  frontal 
lobe,  converging  posteriorly  at  about  20^ ;  gently  and  uniformly 
convex,  rising  but  slightly  above  cheeks. 

Frontal  lobe  of  glabella  not  reaching  front  margin  of  head-shield, 
with  rounded  lateral  angles  projecting  slightly  at  the  sides;  about  half 

^  The  series  of   articles  in  this   Magazine  which  haye  been  lonff  known  as^ 
"Woodwardian  Museum  Notes  **  will  in  the  future  be  continued  under  the  title 
of  **  Sedgwick  Museum  Notes,"  in  consec^uence  of  the  removal  of  the  geological 
collections  at  Cambridge  to  the  new  Sedgwick  Memorial  Museum. 

»  Q.J.G.S.,  vol.  xh  (1886),  pp.  476-490. 
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as  loBg  as  whole  glabella  or  rather  more ;  transversely  subquadrate 
in  shape,  with  arohed  front  end ;  not  rising  above  general  level  of 
rest  of  glabella,  nor  detached  from  it ;  lateral  angles  oiroumscribed 
by  &oial  sutures.  Three  pairs  of  lateral  glabellar  lobes  present; 
first  pair  the  largest,  triangular  in  shape,  extending  back  along  axial 
fdrrows  to  middle  of  eyes ;  second  and  third  pairs  of  lateral  lobes  of 
■nbequal  size,  and  with  subparallel  anterior  and  posterior  sides. 

Three  pairs  of  lateral  glabellar  furrows  present ;  the  basal  pair 
the  strongest.  First  pair  straight,  obliquely  inclined  to  axial 
furrows  at  about  45°  or  50°,  arising  a  little  in  front  of  eyes  and 
extending  inwards  for  about  two -fifths  of  the  width  of  the 
glabella  on  each  side ;  scarcely  widening  at  their  outer  extremities. 
Second  pair  equal  in  depth  and  width  to  the  first,  horizontal,  nearly 
straight  or  slightly  arohed  forwards,  arising  nearly  opposite  middle 
of  eyes  and  extending  inwards  for  about  one-third  or  rather  more  of 
the  width  of  the  glabella  on  each  side.  Third  or  basal  pair  deeper 
than  the  preceding  pair,  horizontal  or  slightly  oblique,  straiglitr 
situated  half-way  between  second  pair  and  occipital  furrow,  and 
extending  on  each  side  inwards  for  about  one-third  of  the  width  of 
the  glabella. 

Occipital  furrow  strong,  arched  forwards  in  middle.  Axial 
furrows  rather  weak,  especially  round  lateral  angles  of  frontal 
lobe;  diverging  anteriorly  at  about  20°  in  a  slight  concave  curve 
from  base  of  glabella  to  anterior  end  of  eyes,  in  front  of  which  they 
sweep  outwards  round  the  frontal  lobe,  merging  imperceptibly  into 
the  nearly  obsolete  marginal  furrow  of  the  head-shield. 

Fixed  cheeks  with  anterior  wing  much  reduced  in  size  owing  to- 
lateral  projection  and  width  of  frontal  lobe ;  posterior  wing  with 
a  basal  width  equal  to  about  one  and  a  half  times  that  of  the  glabella 
at  its  base ;  posterior  margin  gently  arohed ;  neck  segment  marked 
off  by  strong  deep  furrow  dying  out  before  reaching  lateral  margin  ; 
lateral  marginal  furrow  nearly  obsolete.  Genal  angles  measuring 
about  60°  or  more,  and  furnished  with  small  sharp  spinules.  Eye- 
lobes  large,  prominent,  semicircular,  horizontally  extended  at  same 
level  as  glabella. 

Facial  sutures  with  anterior  and  posterior  branches  making  angle  of 
about  70°;  anterior  branches  curve  round,  defining  lateral  angles 
of  frontal  lobe,  and  unite  in  regular  convex  curve  in  front  of  it, 
which  they  thus  bound  ;  posterior  branches  curve  slightly  forward 
in  a  sigmoidal  manner  from  base  of  eye  to  cut  lateral  margin  a  little 
behind  the  level  of  second  lateral  glabellar  furrows. 

Free  cheeks  small,  triangular,  united  in  front  by  the  narrow, 
flattened,  horizontal  anterior  border  of  the  head-shield.  Eyes  large^ 
prominent,  high,  strongly  curved,  but  not  angulated  ;  extending 
from  a  little  behind  first  lateral  furrows  to  third  lateral  furrows  of 
glabella;  distant  from  posterior  margin  of  head-shield  about  two- 
thirds  their  length ;  nearly  touching  side  of  glabella  at  their  front 
end,  but  more  remote  at  their  posterior  end ;  lens-bearing  surface 
steeply  inclined  or  vertical,  with  about  30-35  vertical  rows  of 
lenses  having  10-12  lenses  in  the  middle  rows.     Surface  of  glabella 
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l^atralatecE,  with  small  taberolee  intersperaed.  Faiat  traoef  on  &» 
frontal  lobe  of  the  v-8hcip«<)  raark  foand  in  GhtumopB. 

Thorax  (imperfectly  known)  aboat  twice  as  long  as  head-shield ; 
axis  regularly  semi-cylindrical,  prominent,  convex,  with  slightly 
itwollen  lateral  nodes  on  axial  rings.  Plear»  strongly  arched,  with 
<leep  diagonal  furrow;  fulcra m  situated  about  half-way  out;  extra- 
fulcral  part  sharply  bent  down  and  sh'ghtly  curved  forwards; 
•extremities  of  pleune  rounded. 

Pygidium  semicircular  to  semi-elliptical,  gently  convex,  with 
regular  margin.  Axis  prominent,  convex,  conical,  tapering  to 
a  pointed  extremity,  not  quite  reaching  posterior  margin  ;  composed 
of  9-11  rings,  of  which  only  the  first  5-6  are  usually  well  marked. 
Axinl  fuvrows  straight,  converging  posteriorly  at  about  20°-26°. 
Jjateral  lobes  gently  arched  downwards  on  each  side,  showing  5-^ 
regular,  slightly  curved  pleurss,  dying  out  towards  the  margin  and 
each  with  weak  median  pleural  furrow.  Border  smooth,  not  crossed 
by  pleursd,  but  not  marked  off  on  upper  surface  by  marginal  furrow. 
Infra-marginal  doublure  (seen  in  casts)  convex,  of  moderate  width, 
<^xtending  inwards  to  tip  of  axis. 

Dimensions. 

mm. 

Length  of  head-shield 18-20 

Width  of  head-shield 36-40 

Length  of  pygidium 13-23 

Width  of  pygidium     22-33 

Affinities. — The  general  characters  of  this  species  indicate  a  close 
relationship  to  the  Ordovician  forms  of  Baimnnites  (Barrande)  *  found 
in  Bohemia.  Hoernes '  has  carefully  pointed  out  the  characters  which 
ilifferentiate  them  from  the  typical  Silurian  and  Devonian  members 
of  this  genus  as  understood  by  Barrande,  and  they  constitute 
a  group  which  in  one  direction  appears  to  lead  to  that  of 
D.  EauBmanni  of  Stages  F,  G,  and  H,  and  in  the  other  direction 
to  the  typical  forms  of  Phacops,  sens,  str.,  of  the  same  Stages. 

The  chief  points  which  distinguish  this  older  group  of  JDalmamteB 
are  the  rudimentary  or  absent  frontal  border,  the  slight  separation 
of  the  frontal  lobe  from  the  rest  of  the  glabella,  the  smallness 
or  absence  of  the  genal  spines,  the  rounded  or  scarcely  pointed 
extremities  of  the  pleursd,  and  the  fewer  segments  in  the  pygidium. 

In  Ph.  RoberUi  the  head-shield  with  its  distinct  frontal  border,  the 
lobation  and  shape  of  the  glabella,  and  small  genal  spines  resemble 
those  forms  leading  on  to  the  D,  Hausmanni  group ;  but  the  rounded 
extremities  of  the  pleiiraa  and  the  non-mucronate,  semicircular 
pygidium  connect  it  with  the  species  which  seem  to  be  the 
ancestors  of  the  typical  Phacops  group.  D.  socialtB,  Barr.  (and 
its  varieties),  D.  DeBhayeai,  Barr.,  and  Z>.  Mawlei,  Barr. — all  from 
Stage  D  in  Bohemia — show  strong  points  of  resemblance  in  the  head- 
shield,  but  J>.  PhUtipBi,  Barr.  in  the  thorax  and  pygidium.      It  is 

»  Barrande :  Syst.  Silur.  Bohdme,  vol.  i,  p.  299  et  seq.  and  p.  628  et  seq. 
»  Hoemes,  Jahrb.  Geol.  Reichsanst.  Wien,  Bd.  xxi  (1880),  Heft  4,  pp.  651-686 ; 
and  Kosmos,  Jahrg.  iv,  Bd.  viii  (1880),  pp.  20-32. 
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Phacops  Roberts!  sp.  nov. 
Ordovician.   Haverfordwest. 
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olmou,  therefore,  that  this  Haverfordwest  speoies  belongs  to  this 
•group  of  Dalwuimtes,  in  whioh  there  existed  a  ooinbination  of  the 
nabseqaeotly  well  -  differentiated  obaracters  of  the  later  typical 
DahmaniteB  and  Phacops. 

The  specific  name,  Ph,  Boberigt,  has  been  chosen  in  memory  of 
the  late  Mr.  T.  Boberts,  M.A.,  F.G.S. 

EXPLANATION  OF  PLATE  V. 

Fio.  1. — Fhaeops  Sob^rttiy  ep.  nov.  Head-shield.  Kedhill  Stage,  Prendergtist 
Placa,  Haverfordwest,     x  1^. 

„  2.^Ditto.  Head-shield.  Redhill  Stage,  Redhill  Quairy,  Haverfordwest. 
Nat.  size. 

^y  S. — Ditto.  Head'sMeld.  Sholeshook  Limestone,  Preadergast  Place,  Haver- 
fcHrdwest.     x  IJ. 

„  4. — Ditto.  Free-cheek.  Sholeshook  Limestone,  Prendergast  Fann,  Haver- 
fordwest.    X  IJ. 

„  5. — Ditto.  Head-shidd  with  portion  of  thorax.  Same  horizon  and  locality. 
Nat.  size. 

„    6. — Ditto.  Pvgidium.  Redhill  Stage,  Redhill  Quarry,  Haverfordwest.  Nat.  size. 

„  7. — Ditto.  Pygidium.  Sholeshook  Limestone,  Prendergast  Place,  Haver- 
fordwest.     X  IJ. 


IIL — Further  Notrs  on  the  Mammals  of  the  Eocene  of  Egypt. 

By  C.  W.  Andbvws,  D.Sc,  F.G.S.,  British  Museum  (Natural  History). 

Part  I. 

DUBING  the  last  few  months  I  have  been  engaged  in  examining 
the  remains  of  the  fossil  Vertebrates  from  the  Middle  and 
Upper  Eocene  of  the  Fayum  district  of  Egypt,  with  a  view  to  the 
preparation  of  the  detailed  monograph  which  it  is  proposed  to  publish 
on  this  sabject  As  it  will  be  some  months  before  this  can  appear, 
it  seems  desirable  to  give  a  brief  account  of  some  of  the  more 
important  results  arrived  at,  and  preliminary  descriptions  of  such 
new  forms  as  have  come  to  light  in  the  course  of  the  work.  The 
oollections  examined  include  all  the  material  belonging  to  the 
British  Museum,  as  well  as  many  of  the  more  important  specimens 
from  the  Geological  Museum  of  Cairo.  There  still  remains  in  Cairo 
a  large  collection  of  bones,  which  I  hope  to  have  an  opportunity 
of  working  out  during  the  next  few  weeks. 

Masritherium. 

The  figure  of  the  skull  and  mandible  of  Mosritherium  lyonsi  lately 
pnblished  (Phil.  Trans.,  voL  196  B,  figs.  14-17)  was  reconstructed 
from  portions  of  a  number  of  skulls  from  the  Middle  Eocene.  Since 
then  Mr.  H.  J.  L.  Beadnell  has  found  an  almost  complete  skull  of 
a  nearly  adult  animal  from  the  Upper  Eocene,  and  from  this  the 
aooompanying  restoration  (Fig.  1)  has  been  made,  showing  the 
boundaries  of  many  of  the  bones,  but  otherwise  differing  in  no 
important  points  from  the  earlier  figure.  The  mandible  has  been 
reoonstructed  from  several  Middle  Eocene  specimens. 

The  most  striking  character  of  the  skull  as  a  whole  is  the  great 
elongation  of  the  cranial  as  compared  to  the  facial  region.    The 
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iipper  edge  of  the  supra-oooipital  forms  the  lamhdoidal  crest  and 
extends  on  to  the  roof  of  the  skull,  sending  a  wedge-shaped  process 
between  the  hinder  ends  of  the  parietals,  but  there  seems  to  be  no 
trace  of  a  distinct  interparietal  bone.  The  parietals  are  long, 
-extending  nearly  to  the  front  of  the  temporal  fossa.  Their  most 
peculiar  character  is  that  they  send  back  on  to  the  occipital  surface 


Fio.  1.— Skull  of  Maritherium. — A,  from  above;  B,  froro  side,  ant.orb, 
antorbital  foramen  ;  ex.oc.  exoccipital ;  /r.  frontal ;  ju.  jugal ;  mx.  maxilla ; 
fi.  nasal ;  pa.  parietal ;  par.oc.  paroccipital ;  pmx.  premaxilla ;  pt.  post- 
tympanic  process  of  squamosal;  »,oc.  supra-occipital;  sq,  squamosal,  tl,  t2, 
i3,  mcisors ;  r,  canine ;  pm2,  pmS,  pmi^  premolars ;  ml,  m2,  wi3,  molars. 

a  short  process  which  is  wedged  in  between  the  supra-occipital 
and  the  squamosal.  The  cranial  part  of  the  squamosal,  as  well  as 
the  neighbouring  region  of  the  parietals,  is  considerably  swollen 
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throagh  the  development  of  Binases  which  oommunioate  with  the 
ontside  of  the  skull  by  a  number  of  irregularly  arranged  foramina. 
The  frontals  are  comparatiyely  short ;  they  are  slightly  marked  by 
«apra-orbital  ridges,  which  run  along  the  upper  borders  of  the 
orbits ;  anteriorly  they  are  out  off  from  the  premaxillsd  by  the  union 
-of  the  maxillflB  with  the  nasals.  These  latter  bones  are  short,  and 
overhang  the  narial  opening  to  a  very  small  extent ;  from  behind 
forwards  they  form  sutures  with  the  frontals,  maxillss,  and  pre* 
maxill» ;  in  fact,  their  relations  to  the  surrounding  bones  are  exactly 
as  in  the  later  Probosoidea. 

The  nasal  opening  is  large  and  looks  forward,  not  upward  as  in 
Elephas.  It  is  not  at  the  end  of  the  snout,  and  the  upper  surface  of 
the  premaxillse  in  front  of  it  is  deeply  grooved,  probably  indicating 
the  presence  of  a  short  proboscis  as  in  the  Tapir.  The  orbit  is  very 
«ma11,  and  there  is  a  mere  trace  of  supra-orbiUd  processes. 

In  the  young  specimen  above  referred  to,  the  last  molar  is  still 
uncut,  and  from  its  position  it  is  clear  that  the  rest  of  the  cheek 
teeth  must  move  considerably  forward  in  order  to  allow  it  to  come 
«nto  position. 

The  occurrence  of  a  species  of  MoeritJierium,  probably  identical 
with  M.  lyonti,  in  the  Upper  Eocene  beds  in  association  with 
Palaomastodon  raises  the  question  of  whether  MoBritherium  can  be 
ancestral  to  JPalaomastodon.  If  it  is  not,  at  least  it  must  be  extremely 
similar  and  very  closely  related  to  the  actual  ancestor,  for  it  presents 
all  the  proboscidean  characters  in  exactly  the  more  generalised 
condition  that  one  would  expect  to  find.  Moreover,  it  may  be 
pointed  out  that  Palaomastodon  does  not  occur  in  the  Middle  Eocene 
beds  in  which  McBritherium  is  abundant,  while  in  the  upper  beds 
Palaomastodon  is  common,  and  but  few  Mosritherium  remains  have 
been  found. 

From  the  vertebral  column  of  a  large,  and  at  present  unnamed, 
species  of  MoBritherium  the  number  of  the  vertebras  in  the  different 
regions  can  be  asceiiained  with  reasonable  certainty.  These  are : 
cervical,  7 ;  thoracic,  20 ;  lumbar,  3 ;  sacral,  3  ;  caudal,  number 
nnknown,  but  the  tail  must  have  been  of  moderate  length.  The 
axis  has  a  peg-like  odontoid,  the  lower  surface  of  which  bears 
a  large  facet  fbr  articulation  with  the  atlas;  the  neural  spine  is 
high.  The  centra  of  the  other  cervicals  are  rather  short,  but  longer 
in  proportion  to  their  size  than  in  the  later  proboscideans. 

The  scapula  is  oval  in  outline ;  the  coracoid  process  is  large,  and 
the  glenoid  surface  for  the  humerus  is  continued  on  to  its  lower 
face.  The  humerus  is  in  some  respects  more  like  that  of  some 
carnivores  than  that  of  an  ungulate.  Its  most  remarkable  feature 
is  the  extreme  compression  of  the  shaft  from  side  to  side.  The 
ent-epioondyle  is  very  large,  and  there  is  no  ent-epicoudylar  foramen. 
The  supinator  ridge  is  well  developed.  The  femur  is  flattened  from 
Ijefore  backwards;  the  great  trochanter  rises  a  little  above  the 
head,  and  there  is  no  third  trochanter.  The  distal  articular  end 
is  relatively  small,  and  the  condyles  are  as  in  Elephas.  The  feet  are 
at  present  quite  unknown. 
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Amotig  the  speoimens  ooUeoted  bj  me  last  season  is  a  portion  of 
Ibe  right  lamiis  of  a  mandible  oontaining  the  three  molars  :  of  these 
tn.  3  is  ill  perfeot  atu)  unworn  oouditiou,  while  m.  2  and  m.  1  have 
lost  portions  of  their  outer  sides.  The  oharaoter  of  the  teeth  here 
preserved  proves  the  existenoe  in  these  beds  of  another  small 
proboscidean  related  to  Mamiherium^  but  differing  from  it  so  oim* 
siderably  that  when  better  known  it  may  be  neoessary  to  refer  it  to 
a  new  genus ;  for  the  present  it  may  be  called  Mmritherium  trigodon. 

The  oharaoters  of  the  teeth  are  as  follows : — 

M.  1  was  a  bilophodont  tooth  with  a  small  posterior  lobe ;  each 
transverse  crest  consisted  of  two  tubercles.  Most  of  the  outer  half 
of  the  tooth  is  wanting;  the  inner  half  consists  of  a  high  anteriiir 
cusp  ami  a  somewhat  lower  posterior  one,  separated  by  a  deep 
valley.     The  half  of  the  posterior  lobe  still  remaining  is  nearly  flat. 

M.  2  also  wants  a  great  part  of  its  inner  half.  It  is  similar  to 
m.  1,  except  that  the  posterior  lobe  bears  a  large  blunt  tubercle, 
which  lies  immediately  behind  the  outer  tubercle  of  the  posterior 
crest  These  two  teeth  are  very  similar  to  the  corresponding  onea 
of  Maritherium, 

M.  3  is  quite  unworn ;  it  differs  widely  from  m.  3  of  Mmriiheritim, 
Like  the  other  molars,  it  consists  of  two  transverse  ridges  and 
a  talon.  The  transverse  ridges  are  placed  somewhat  obliquely  ;  the 
anterior  one  consists  of  a  high  pointed  outer  tubercle  and  an  inner 
one,  on  the  outer  face  of  which  a  small  secondary  tubercle  is  present. 
In  the  posterior  crest  the  outer  lobe  again  consists  of  a  pointed 
tubercle,  but  the  inner  half  is  formed  by  two  subequal  tuberolea. 
The  talon  it  composed  of  a  large  tubercle  in  the  same  antero- 
posterior line  as  the  outer  cusps  of  the  crests,  and  on  its  inner  side 
there  are  several  small  tubercles ;  on  its  outer  side  the  cingulum  is 
well  developed.  The  talon  as  a  whole  is  thus  triangular  in  outline* 
its  posterior  angle  being  on  the  outer  side  of  the  tooth.  In> 
Migritherium  lyon$i^  on  the  other  hand,  the  talon  is  much  broader, 
and  consists  of  an  outer  and  an  inner  tubercle,  which  form  a  third 
transverse  crest,  thus  converting  the  tooth  into  a  trilophodont  one. 
This  difference  in  the  talons  appears  to  justify  the  separation  of  the 
present  form  as  a  distinct  species  at  least,  and,  as  already  remarked, 
further  material  will  probably  show  that  a  new  genus  will  have  to 
lie  established.  The  enamel  of  the  whole  tooth  is  raised  into 
irregular  ridges  and  small  tuberosities. 

The  dimensions  of  the  specimen  are  : — 

Length.  Breadth. 

m.  1        26  mm P 

m.  2        32mm P 

m.  3        40mm 24mm. 

Palaomastodon, 

The  structure  of  the  skull  in  this  genus  is  now  almost  oompletelj 
known.  The  most  complete  specimens  yet  found  are  (1)  an  adult 
skull  wantin<;  part  of  the  occipital  and  most  of  the  facial  regions; 
(2)  the  anterior  half  of  a  young  skull  collected  by  Mr.  Beadnell,  and 
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showing  the  whole  of  the  faoial  portion  in  a  perfect  state'  oC 
preservation.  The  figures  here  given  have  heen  constructed  from 
these  two  specimens,  and  are  sufficient  to  convey  a  general  idea  of 
the  chief  characters.  It  will  he  seen  that  in  all  essential  respects 
this  skull  is  prohoscidean,  and,  in  fact,  it  might  almost  he  described 
as  that  of  an  exceedingly  dolichocephalic  elephant. 


Fio.  2. — Skull  of  Palaonuutodcn,  A,  from  aboTe;  3,  from  side.  aL  aliflphenoid  ; 
al.pi.  pterygoid  wing  of  alisphenoid  ;  al.e,  alisphenoid  canal ;  he.  lachrymal. 
The  otner  letters  are  as  in  Fig.  1. 

The  supra-occipital  surface  slopes  somewhat  forward,  and  has 
B  deep  median  fossa  for  the  attachment  of  muscles  and  ligaments, 
exactly  like  that  found  in  Elephas.  The  region  of  the  lambdoidal 
erestyboth  in  the  squamosal  and  the  parietalyis  considerably  swollen 
by  the  development  of  sinuses  which  communicate  with  the  exterior 
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iad  probably  with  the  anditory  meatus  by  seTeral  foTamina.  The 
■ureUiDg  of  the  baok  of  the  head  has  not  yet  gone  far  enough  to  lead 
to  the  disappearanoe  of  the  sagittal  crest,  which  is  fairly  prominent, 
and  divides  anteriorly  into  the  temporal  ridges,  which  run  out 
OD;  to  the  post-orbital  processes  of  the  frontals.  The  nasals  are 
short,  and  their  relations  to  the  surrounding  bones  much  as.  in 
Elepha$.  The  nasal  opening  has  already  been  shifted  baok 
a  considerable  distance  behind  the  anterior  end  of  the  snout,  but 
not  to  the  same  degree  as  in  the  elephants,  since  it  is  still  in 
front  of  the  anterior  border  of  the  orbits,  while  in  the  later 
forms  it  has  come  to  lie  behind  it  and  at  the  same  time  looks  more 
upwards.  The  premaxillaries  have  exactly  the  same  relations  to 
.  the  nasal  opening  and  to  the  neighbouring  bones  as  in  Elephas,  but 
the  form  of  their  anterior  portion  is  quite  di£Perent,  owing  to  the 
fact  that  the  tusks  are  still  small,  so  that  the  great  alveoli  and 
the  broad  truncated  anterior  border  of  these  bones,  so  characteristio 
of  the  elephants,  are  here  unnecessary,  and  they  terminate  anteriorly 
almost  in  a  point.  The  maxilla  is  greatly  elongated.  It  bears 
a  stout  zygomatic  process,  the  base  of  which  is  perforated  by 
a  large  antorbital  canal,  which  opens  on  the  face  by  two  foramina. 
The  lachrymal  is  exactly  as  in  Elepha$.  The  jugal  is  large,  and 
extends  from  the  orbit  back  beneath  the  zygomatic  process  of  the 
squamosal  as  far  as  the  glenoid  surface  for  the  mandible.  The 
cranial  portion  of  the  squamosal  is  considerably  swollen  by  the 
presence  of  air  sinuses;  it  completely  surrounds  the  auditory 
opening,  sending  down  behind  it  a  post-tympanic  (p./.)  process.  The 
articular  surface  for  the  mandible  is  very  large;  it  is  slightly 
concave  from  side  to  side,  and  very  convex  from  before  backwards; 
the  mandible  must  have  much  freer  play  both  from  side  to  side  and 
up  and  down  than  in  the  recent  elephants.  The  alisphenoid  is 
perforated  by  an  alisphenoid  canal  (al.c,)^  and  sends  down  on  to  the 
pterygoid  a  pterygoid  wing  (aLpL),  the  anterior  edge  of  which 
forms  the  outer  border  of  a  deep  groove,  which  is  continued  upwards 
and  forwards  towards  the  post-orbital  process  of  the  frontal.  At  the 
bottom  of  this  groove  are  the  anterior  openings  of  the  alisphenoid 
canal,  the  foramen  lacerum  anterius  and  the  optic  foramen,  as  in 
Elephas,  The  tympanic  is  small,  less  inflated  than  in  the  later  type, 
and  does  not  extend  into  the  mandibular  articulation. 

There  is  no  distinct  condylar  foramen  ;  it  appears  to  be  confluent 
with  the  foramen  lacerum  posteriuB,  The  opening  of  the  internal 
nares  is  higher  than  wide ;  the  maxillsa,  palatines,  and  pterygoids 
which  form  its  side  walls  are  all  to  some  extent  thickened  by  the 
development  of  coarsely  cellular  bone,  which  is  particularly 
abundant  in  the  portion  of  the  maxilla  immediately  behind  the  last 
molar.  The  axis  of  the  palate  is  somewhat  bent  up  with  regard  to 
the  basi-cranial  axis,  so  that  the  two  make  a  very  obtuse  angle  with 
one  another:  in  the  elephants  this  character  is  carried  still  further. 

The  limb  bones  of  Palaomasiodon  are  comparatively  rare,  most 
of  the  very  large  number  of  bones  now  collected  belonging  to 
Ateinoiiheriwtt,    Such  specimens  as  can  be  referred  with  certainty  to 
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PakBamoMtoion  differ  in  no  important  points  from  the  oorresponding 
bones  of  Elephas.  The  caloaneum,  however,  is  less  short  and  stoat 
than  in  the  reoent  forms,  the  tuber  calctB  being  more  elongate ;  some 
^alconea  from  the  Miocene  of  France,  probably  belonging  to  Tetra- 
helodon  angustidens,  approximate  most  nearly  to  the  Egyptiiln 
specimen. 

A  portion  of  the  right  ramus  of  a  mandible  shows  that  there 
•existed  in  the  Upper  Eocene  beds  a  species  of  Palaomastodon 
considerably  smaller  than  P.  headneUi,  even  allowing  for  a  very 
wide  range  of  individual  variation  in  size  in  that  species.  The 
specimen  in  question  consists  of  part  of  the  ramus  and  the  coronoid 
process  of  an  immature  mandible,  in  which  m.  3  has  not  yet  been 
•oat,  although  it  is  completely  developed.  M.  3  differs  from  the 
«ame  tootb  in  P.  beaduelli  in  having  the  outer  half  of  the  third 
transverse  crest  more  clearly  composed  of  two  distinct  tubercles, 
and  in  the  presence  of  a  short  fourth  transverse  crest  separated  from 
the  third  by  a  fairly  deep  valley  and  composed  of  three  small 
tubercles.  M.  2  is  trilophodont,  the  anterior  valley  being  partly 
blocked  by  an  accessory  tubercle ;  as  usual  in  this  genus,  the  second 
molar  is  considerably  larger  than  the  first,  lliis  latter,  which  is 
already  considerably  worn,  is  also  trilophodont.  Pm.  4  is  bilophodont, 
the  anterior  crest  being  considerably  the  higher.  Pm.  3  consists  of 
<a  single  high  anterior  cusp  and  a  low  heel.  This  species  may 
be  called  PaltBomasiodon  minor;  its  dimensions  compared  to  those  of 
P.  headnelU  are  shown  in  the  following  table,  which  in  the  first 
•column  gives  the  length  of  the  teeth  in  the  type  of  P.  minor,  in  the 
second  of  those  of  a  small  individual  (?  female)  of  P.  headneUi,  and  in 
the  third  of  those  of  the  type  of  that  species :  — 


m.  3... 
m.  2... 
m.  1... 
pm.  4 
pm.  3 

IT. — Notes  ok  the  Cephalopoda,  belonging  to  the  Straohbt 
Collection  from  the  Himalaya.     Part  I :   Jubassio. 

By  G.  C.  CttiCK,  Assoc.  R.S.M.,  P.G.S.,  of  the  British  Museum  (Natural  History). 

{Concluded  from  the  February  Number,) 

10.   Ammonites  sobiptus  (R.  Straohey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  P.  Blanford:   PaUeoni  Niti,  1865,  p.  81, 
pi.  xvi,  figs.  2a-e,) 

According  to  Professor  Blanford  the  only  example  of  this  species 
in  the  Straohey  Col  lection  was  the  fragment  which  .he  figured. 
This  is  now  in  the  British  Mnseum  collection  [No.  C.  5046] ;  it  was 
transferred  from  the  Museum  of  Practical  Geology,  labelled  with  one 
of  that  Musenra's  labels  ^  Oolitic  :  Niti  Pass.  Ammonites  scriptus 
{Stra.).    Coll.  by  Col.  Straohey."    The  figures,  which  are  all  reversed, 


P.  minor. 

P.  beadnelli 

P.  beadnelU 

(?  female). 

(type). 

47  mm. 

65  mm. 

78  mm. 

46    „ 

...        66    „ 

..        (56    „ 

32    „ 

...        41    „ 

48    „ 

28    „ 

...        39    „ 

48    „ 

28    „ 

...         30    „ 

Y 
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are  not  good.  The  portion  of  the  fossil  that  is  figured  is  entirely 
septate;  the  anterior  part  of  the  specimen  that  formed  the  hase 
of  the  body-ohamber  is  not  included  in  the  figure,  nor  does  the 
figure  show  the  shorter  intermediate  ribs  which  extend  over  the 
outer  half  of  the  lateral  area  of  the  whorl. 

Blanford  (p.  106)  regarded  this  species  as  a  synonym  of  Oppel's 
A.  Stanleyi,^  a  species  which  he  considered  to  have  priority  of 
publication. 

11.  Ammonites  jubab  (R.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford :    Palaeont.  Niti,  1866,  p.  82, 
pi.  XX,  figs.  2a-e ;  pi.  xxi,  figs,  lo-r.) 

The  British  Museum  collection  contains  three  examples  of  this 
species,  numbered  C.  6043,  C.  6044,  and  C.  5030  respectively. 

The  specimen  numbered  C.  5043  is  the  original  of  plate  xx, 
figs.  2a,  6.  The  posterior  half  of  the  outer  whorl,  that  is,  the 
portion  to  the  right  of  the  break  indicated  in  fig.  2a,  is  now  missing, 
but  the  cement  still  adhering  to  the  fossil  indicates  its  former 
presence;  it  was  possibly  from  the  now  missing  part  that  the 
suture-line  depicted  in  fig.  2c  was  drawn.  About  one- third  of  the 
rest  of  the  outer  whorl  is  septate,  whilst  the  remainder  formed  part  of 
the  body-chamber.  As  part  of  the  Strachey  Collection  this  specimen 
was  transferred  from  the  Museum  of  Practical  Geology,  labelleil 
with  one  of  that  Museum's  labels  ''  Oolitic :  Niti  Pass.  Ammonites 
jubar.     Coll.  by  Col.  Strachey.'* 

The  example  No.  C.  5044  is  the  natural  mould,  of  which  a  gutta- 
percha impression  (also  preserved)  is  figured  in  pi.  xxi,  fig.  la. 
Belonging  to  the  same  collection  it  was  also  transferred  from  the 
same  Museum.  It  is  labelled  with  one  of  that  Museum's  labels 
"  Oolitic :  Niti  Pass.  Ammonites  jubar  (Stra.).  Coll.  by  Col.  Strachey.'' 
To  it  is  fastened  a  small  white  label  on  which  is  written  in  ink 
"  Ammonites  jubar,  R.  S.  Budarinathix  " ;  but  the  word  'jubar '  has 
been  crossed  out  in  ink. 

The  specimen  No.  5030  also  belonged  to  the  Strachey  Collection 
and  was  transferred  from  the  Museum  of  Practical  Oeology,  but 
the  precise  locality  of  the  specimen  is  not  recorded.  It  is  the 
original  of  plate  xxi,  fig.  lb,  and  probably  also  furnished  the  restored 
outline  given  in  fig.  Ic. 

I  have  not  been  able  to  recognize  the  original  of  the  suture-line 
which  is  figured  on  pi.  xx  and  numbered  2d ;  this  appears  not  to 
be  referred  to  in  the  text. 

On  p.  106  Professor  Blanford  placed  this  species  as  a  synonym 
of  Oppel's  A.  Sahineanus,'*  a  name  which  he  considered  to  have  prion ly 
of  publication. 

^  A.  Oppel,  **  tJeber  ostindisohe  Fossilreste  aus  den  secundaren  Ablagerungen  von 
Spiti  und  Gnari-Khorsum  in  Tibet" :  Pal.  MittheU.,  iv  (1868),  p.  282,  pf.  Ixxix, 
figs.  1»-P. 

•  A.  Oppel,  "  Ueber  ostindische  Foeoilreste  aus  den  Heoundaren  Ablagenmp^n  von 
Spiti  und  Onari-Kboreum  in  Tibet  *' :  Pal.  Mittheil.,  iv  (1863),  p.  288,  pU  Ixx3di„ 
figs,  lo-f,  2a,  b. 
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Ammonites  jubar,  var.  A.  multibadiatus  (R.  Straohey  MS.)> 
H.  F.  Blanford. 
<H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:  Pateont.  Niti,  1865,  p.  82.) 
Professor  Blanford  states  that  <'  this  differs  from  the  normal  form 
in  the  greater  number  of  its  ribs  (55),  which  are  consequently  more 
olose  set  and  filiform.  The  variation  probably  occurs  only  in  young 
shells."  In  the  Strachey  Collection  transferred  from  the  Museum 
of  Practical  Geology,  and  labelled  with  that  Museum's  label  "  Oolitic  : 
Niti  Pass.  Ammonites  triplicatus  (Sow.).  Coll.  by  Col.  Strachey," 
there  is  a  fairly  complete  specimen  [C.  7366],  46*5  mm.  in  diameter, 
which  agrees  very  well  with  Blanford's  description  of  this  variety. 
It  has  about  52  ribs  in  the  outer  whorl,  and  although  labelled 
'Ammonites  triplicatus '  it  certainly  does  not  agree  with  that  species. 
This  is  the  only  specimen  in  the  collection  that  corresponds  to 
Blanford's  description,  and  it  is  therefore  most  probably  the  variety 
referred  to. 

12.    Ammonitbs  ogtagonus  (R.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford :   Pal®ont.  Niti,  1865,  p.  83, 

pi.  xii,  figs.  2^,  b.) 

According  to  Professor  Blanford's  description,  *'  the  only  specimen 
of  this  Ammonite  in  Colonel  Strachey's  Collection  is  a  fragment,  but 
of  larger  dimensions  and  in  better  preservation  than  that  previously 
described  from  Spiti."  This  fragment  is  now  in  the  British  Museum 
collection  [C.  5032],  having  been  transferred  from  the  Museum  of 
Practical  Geology,  accompanied  by  one  of  that  Museum's  labels 
on  which  was  written  in  ink  simply  the  name  ''Am.  ootagonus, 
Strachey,"  without  any  record  of  either  horizon  or  locality,  and 
without  any  indication  that  it  was  the  figured  specimen.  But  of 
this  faot  there  cannot  be  the  slightest  doubt ;  fig.  2a  representing 
a  lateral  aspect  of  the  fragment  (reversed),  and  fig.  26  a  much 
restored  transverse  section  of  the  wliorl. 

Later  in  the  same  work  (p.  106)  Blanford  united  Straohey's 
A.  Hooheri  with  the  present  species  under  the  name  A,  octagonm, 
this  species  having  been  described  some  two  years  previously.^ 

13.   Ammonites  Hookebi  (R.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:    Palajont.  Niti.  1865,  p.  83, 
pi.  xvii,  figs,  lo-rf.) 

The  figures  illustrating  Professor  Blanford's  description  (pi.  xvii, 
figs,  la-d)  have  been  drawn  (reversed)  from  two  specimens,  which 
are  now  in  the  British  Museum  collection  [C.  5048  and  C.  5049], 
Fig.  la  has  been  drawn  from  the  example  bearing  the  register 
number  C  5048,  and  the  other  figures  have  been  taken  from  the 
specimen  No.  C.  5049.  Both  specimens  were  transferred,  in  1880, 
from  the  Museum  of  Practical  Oeology,  the  smaller  one  [C.  5048] 
labelled  "  Oolitic  :  Niti  Pass.  Ammonites  Hookeri  (Stra.).  Coll.  by 
OoL  Strachey."  There  is  now  no  Jermyn  Street  Museum  label 
with  the  larger  specimen,  bat  there  is  no  doubt  whatever  as  to  its 

»  Joam.  As.  Soc.  Bengal,  vol.  xxxii,  No.  2  (1863),  p.  128,  pi.  i,  figs.  5fl-^  . 
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being  the  other  specimen  figured  by  Blanford.  Each  fossil  has  been 
numbered  in  ink  ''  1830  '* ;  this  is  Straohey's  original  number,  and 
indicates  that  the  two  examples  came  from  the  same  locality,  viz. 
the  Niti  Pass,  this  being  the  only  locality  mentioned  in  the  list  of 
fossils  given  on  p.  102  of  Salter  &  Blanford's  work. 

The  posterior  third  of  the  outer  whorl  of  the  smaller  example 
(fig.  la)  appears  to  be  septate,  whilst  the  rest  seems  to  have  formed 
part  of  the  body-chamber.  The  larger  example  (figs.  \h'd)  is 
entirely  septate ;  it  is  part  of  a  whorl  which  must  have  been  at  least 
70  mm.  in  diameter.  The  suture-line  has  been  painted  in,  and 
evidently  formed  the  original  of  fig.  Id.  The  transverse  sectioa 
depicted  in  fig.  \c  has  been  much  restored. 

On  p.  106  Professor  Blanford  places  this  species  as  a  synonym  of 
Strachey's  A,  octagonus,  to  which  species  he  also  refers  OppeFs 
A,  Sommerringi^ 

14.   Ammonites  medba  (R.  Straohey  MS.),  H.  F.  Blanford* 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford :  Palsont.  Niti,  1865,  p.  84, 
pi.  xix,  figs.  5a,  b,) 

Professor  Blanford  says :  '*  The  only  specimen  of  this  MSS. 
species  of  Colonel  Strachey  in  his  collection  is  the  fragment  figured, 
from  which  it  is  difficult  to  pronounce  upon  its  affinities.  It  may 
be  either,  as  surmised  by  Colonel  Strachey,  a  species  allied  to 
A,  Jason,  Zieten,  or  a  portion  of  a  large  specimen  of  the  tuberoulate 
form  of  A,  Wallichii,  Gray." 

This  specimen  is  now  in  the  British  Museum  collection  [0.504:7], 
having  been  transferred  from  the  Museum  of  Practical  Geology,  in 
1880,  labelled  with  one  of  that  Museum's  labels  "Oolitic :  Niti  Pass. 
Ammonites  medea.  Coll.  by  Col.  Strachey.*'  It  bears  the  number 
''18"  in  white  paint.  It  is  not  well  represented  in  the  figures: 
the  spines  are  not  nearly  so  much  elevated  as  shown  in  fig.  6b ; 
and  further,  they  are  symmetrically  disposed  in  regard  to  the  median 
line  of  the  flattened  (i.e.  the  peripheral)  area,  and  not  irregulnrly 
placed  as  might  be  supposed  from  fig.  5a  ;  the  two  rows  of  spinea 
are  13  mm.  apart,  the  spines  being  exactly  opposite  each  other  and 
arranged  in  each  row  at  intervals  of  abuut  5  mm.  The  fragment 
shows  no  traces  of  septa,  and  appears  to  have  formed  part  of  the 
body -chamber. 

15.   Ammonites  Wallichii,  J.  E.  Gray. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:   Palaeont.  Niti,  1865,  p.  84,. 
pi.  XV,  figs.  \a-€ ;  pi.  xix,  figs.  la-Cy  2a-e.) 

Besides  the  specimen  [C.  5041]  which  was  originally  figured  by 
Gray  (lUust.  Indian  Zoology,  1830-32,  pi.  c,  fig.  3)  and  rt-figured, 
as  elsewhere  shown,'  by  Blanford  (op.  cit.,  pi.  xv,  fig.  1),  and  the 
example  [31,106]  referred  to  by  Blanford  (p.  84,  footnote)  aa 
measuring   ''not   less   than   six   inches   in   diameter,"  the   British 

^  A.  Oppel,  ''  Ueber  ostindische  Foflsilroste  aus  den  secundaren  Ablageningen  Ton 
Spiti  und  Gnari-Khoreum  in  Tibet" :  Pal.  Mittheil.,  iv  (1863),  p.  280,  pi.  lxu„ 
figs,  la,  b. 

»  G-.  C.  Crick :  Proc.  Malac.  Soc.,  toI.  v,  pt.  4  (April,  1903),  p.  287. 
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Miiseam  oontatns  six  specimens  which  were  transferred  from  the! 
MuMQm  of  Praotioal  Geology.  Five  of  these  [Nos.  C.  7675a^]> 
belonged  to  the  Straohey  Colieotion,  and  were  labelled  with  one  c^* 
that  Moseam's  labels  ''Oolitic:  Niti  Pass.  Ammonites  Walliohii. 
Coll.  by  CoL  Straohey/'  bnt  on  one  [No.  C.  7675(2]  there  has  been 
written  in  ink  the  locality  "nr.  Chirchun."     The  sixth  specimen) 

S^o.  0.  7684]  was  labelled  "  A.  Walliohii,  var.  7.  Spiti  shales,"  but 
OQgh  there  is  no  record  as  to  its  having  formed  part  of  the 
Straohey  Collection,  there  is  good  reason  to  believe  that  it  did,  sinod* 
it  is  numbered  ''  11 "  in  white  paint  exactly  like  the  specimea 
No.  7675d.^ 

Professor  Blanford's  figures  of  this  species  represent  several 
individuals.  His  pi.  xv,  figs,  la,  6  represent  Gray's  type-specimen, 
to  which  also  belongs  the  suture-line  lettered  in  the  published  copies 
of  the  plate  26,'  evidently  a  mistake  for  Ic. 

The  specimen  in  the  British  Museum  numbered  C.  7675a  is  the 
original  of  pi.  xix,  figs,  la  and  h ;  the  figures,  besides  being  reversed,, 
have  been  very  much  restored,  the  first  third  of  the  outer  whorl 
being  very  imperfect  in  the  original.  As  it  does  not  exhibit  the 
suture-line,  fig.  \c  roust  have  been  drawn  from  another  specimen; 
this  we  have  not  yet  been  able  to  identify  in  the  collection. 

llie  example  in  the  same  collection  numbered  C.  76756  is  the 
original  of  pL  xix,  figs.  2a,  6  ;  both  figures  have  been  reversed  and 
restored  ;  part  of  the  matrix  has  been  omitted,  the  first  part  of  the 
outer  whorl  is  now  absent,  and  the  peripheral  terminations  of  the 
ribs  are  represented  much  too  strong.  The  suture-line  has  been 
painted  in  and  was  evidently  copied  in  ^^,  2c,  but  this  specimen 
does  not  exhibit  the  portion  of  the  suture-line  on  the  inner  area 
of  the  whorl  at  all  clearly ;  this  portion  of  the  line,  however,  is 
well  shown  and  has  been  marked  on  the  example  No.  C.  7684. 
It  is  concluded,  therefore,  that  figs.  2a,  6  were  drawn  from  the' 
example  No.  C.  76756,  and  that  fig.  2c  was  taken  chiefly  from 
the  same  specimen,  but  partly  also  from  the  fossil  No.  C.  7684. 
Although  there  is  no  record  that  this  specimen  originally  belonged 
to  the  Straohey  Collection,  there  is,  as  we  have  already  stated,  good 
evidence  for  believing  that  such  was  the  case. 

Blanford  (p.  106)  regards  Oppel's  A.  Mdriheanus '  as  a  synonym 
of  this  species. 

16.   Ammomitbs  KOBU8TU8  (R.  Straohey  MS.),  H.  F.  Blanford. 

(H.  F.  BUaford,  in  J.  W.  Salter  &  H.  F.  Blanford:   Palseont.  Niti,  1865,  p.  85, 

pi.  xvi,  figs,  la-c) 

Professor  Blanford  figured  two  specimens  which  he  referred  to 
this  species ;    they   are  both    in    the   British   Museum   collection 

'  Other  gpeameoB  are  similarly  numbered.  Thus,  A,  medea  [C.  6047],  pi.  zix^ 
figa.  6«,  b,  is  marked  '*  18  '* ;  A,  Wallichii  [0.  7675a],  pi.  xix,  figs,  la,  b,  is  marked 
•*  12" ;   and  ^.  }Fallichi%  [C.  6041],  pi.  xv,  figs,  la-e  (which  is  also  one  of  Gray** 


type-spedmena],  is  marked  **  10.' 

*  6.  C.  Crick :  op.  cit.,  p.  288. 

*  A.  Oppel,  "  UeW  ostindiscfae  FoseUreste  ans  den  secundiren  Ablagerunren  von 
SpHi  QBd  Gnari-Khorsnm  in  Tibet":  Pal.  Mittheil.,  ir  (1863),  p.  281,  pi.  boo, 
figi.  2«,  *. 
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[N08.  C.  5050  and  0. 5046].  They  were  regarded  as  of  Jurassic  age, 
but  they  are  muoh  more  probably  Triassio  fossils,  and  have  been 
elsewhere  described  as  suoh  by  the  present  writer.^ 

17.  Ammonites  OBiFFrrHii  (R  Strachey  MS.)>  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:   Palieont.  Niti,  1865,  p.  86, 
pL  XX,  figs.  lOr-C.) 

This  species  was  founded  upon  a  single  specimen,  which,  as 
described  by  Professor  Blanford,  '*  is  an  imperfect  shell,  and  bears 
tlie  remains  of  three- fourths  of  another  whorl.  The  figure  is  three- 
fourths  of  the  real  size  of  the  specimen.*'  This  fossil  is  now  in  the 
British  Museum  collection  [No.  C.  5038]  ;  it  was  transferred  from 
the  Museum  of  Practical  Geology,  labelled  with  one  of  that 
Museum's  labels  *'  Oolitic :  Niti  Pass.  Ammonites  OriffithL  OolL 
by  Col.  Strachey."  The  specimen  is  entirely  septate ;  the  suture- 
Hne  (fig.  \e)  seems  to  have  been  taken  from  quite  close  to  the 
anterior  end  of  the  fosail,  where  it  has  been  traced  in  white  paint 

According  to  Blanford  (p.  106)  this  species  is  a  synonym  of 
A.  Theodorii,  Oppel,'  a  name  which  claims  priority  of  publication. 

18.   Ammonites  strioilts,  H.  F.  Blanford. 
(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford:  Pale&ont.  Niti,  1865,  p.  87.) 

Professor  Blanford  refers  to  an  example  in  the  Strachey  Collection 
in  the  following  terms: — ''A  single  specimen  (out  in  half  and 
polished)  of  this  Ammonite  (without  specified  locality)  only  differs 
from  the  original  Spiti  specimen  in  its  somewhat  larger  size. 
Diameter  of  shell,  2^^  in.     Diameter  of  outer  whorl,  li  in." 

I  have  not  been  able  to  identify  an  example  of  this  species  in 
the  Strachey  Collection  in  the  BritiHh  Museum,  but  the  National 
collection  contains  the  specimen  [39,797],  to  which,  when  describing 
this  species  in  1863  (Journ.  Asiatic  Soc.  Bengal,  vol.  xxxii,  1863, 
p.  126)  from  the  half  of  a  cut  specimen,  Blanford  refers  as  possibly 
the  fellow  of  the  type-specimen.  It  is  lal>elled  ''  Himalaya  " ;  but 
its  history  and  exact  locality  are  unrecorded. 

19.   Ammonites  aouoinotus  (R.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford :  Pal©ont.  Niti,  1865.  n.  87, 
pi.  xviii,  figs,  la-c ;  pi.  xix,  figs.  Aa-d ;  yar.  a  {A.  tmtnduSf  B.  Strachey  MS.), 
pi.  xviii,  %8.  2a,  b.) 

Of  this  species  the  British  Museum  collection  contains  five  more 
or  less  incomplete  examples  [Nos.  C.  7360a-e]  that  belonged  to 
the  Strachey  Collection  and  were  transferred  from  the  Museum  of 
Practical  Geology,  labelled  with  one  of  that  Museum's  lahels 
*^  Oolitic  :  Niti  Pass.  Ammonites  acucinctus  (Stra.).  Coll.  by  CoL 
Strachey  " ;  also  two  other  examples  [Nos.  C.  7361a,  &],  with  a  plain 

>  G.  C.  Crick :  Proc.  Malac  Soc.,  vol.  v,  No.  4  (April,  1903),  pp.  290  et  seq. 

'  A.  Oppel,  **  XJeber  oatindische  Foasilreste  ana  den  secundaren  Ablagerungen  yon 
Spiti und  Gnari-Khoreum  in  Tibet":  Pal.  Mittheil.,  iy  (1863),  p.  280,  pi.  Ixxyiii, 
figs.  Sa-e  (and  pi.  Ixxxiii,  figs.  2a,  b). 
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label  bearing  in  pencil  the  words  "  A.  acuoinctas  Spiti  8lial[e8]," 
that  were  also  trausferred  from  the  same  Museum,  but  there. is  no 
xecord  whether  they  belonged  to  the  Straobey  Collectiou  or  not. 
AVnongst  the  specimens  that  undoubtedly  belonged  to  the  Straobey 
Collection  there  is  no  single  specimen  from  which  all  the  figures  lo-c 
on  pi.  xviii  could  have  been  drawn.  Allowance  must,  however, 
be  made  for  the  illustrations,  for  in  his  description  of  the  species 
Blanford  says  ''The  figure  of  this  species  given  in  plate  18  is, 
in  some  respects,  erroneous.  The  ribs  in  fig.  la  should  conform 
to  the  shape  of  the  mouth,  instead  of  being  but  slightly  flexuous, 
and  the  periphery  should  be  ornamented  with  minute  sharp  teeth, 
instead  of  crenulations." 

The  specimen  registered  C.  7360a  appears  to  be  the  original  of 
fig.  Iby  the  figure  being  reversed ;  its  size  agrees  also  with  fig.  la, 
but  its  scnipture  is  much  less  distinct,  and  its  suture-line  is  not 
^sibla  The  sculpture  of  the  species  is  best  shown  upon  the 
fragment  registered  C.  73604,  and  numbered  in  ink  **  1840,**  which 
at  one  time  appears  to  have  another  piece  attached  to  it;  this 
fragment  also  exhibits  traces  of  the  suture-line,  but  these  are  quite 
insufficient  to  have  furnished  the  drawing  of  the  suture-line  given 
by  Blanford  (fig.  Ic).  The  form  of  the  peristome  indicated  in 
^g.  la  appears  to  have  been  drawn  from  the  example  No.  C.  73606, 
which  is,  however,  only  about  one-half  of  the  size  of  the  figure. 
The  sculpture  could  not  possibly  have  been  taken  from  this  specimen, 
the  surface  of  which  is  nearly  smooth ;  nor  the  suture-line,  for  although 
feebly  indicated  it  is  not  sufficiently  preserved  to  have  formed  the 
original  of  fig.  Ic. 

Of  the  two  other  examples  of  this  species  [0.  7361a,  6]  which 
were  also  transferred  from  the  Museum  of  Practical  Geology,  and 
-which  most  probably  belonged  to  the  Strachey  Collection,  although 
direct  evidence  of  this  is  wanting,  one  [C.  73616]  exhibits  the 
suture-line  very  clearly,  and  there  is  every  probability,  not  only  that 
these  specimens  originally  formed  part  of  the  Strachey  Collection, 
but  that  the  specimen  C.  73616  furnished  the  original  of  the  suture- 
line  represented  in  fig.  Ic.^ 

With  regard  to  the  figures  of  this  species  in  the  '*  PalsBontology 
of  Niti,"  I  conclude,  therefore,  that  fig.  16  has  been  drawn  from  the 
specimen  No.  C.  7360a ;  tbat  fig.  la  has  been  drawn  in  part  from 
the  example  No.  C.  73606,  and  possibly  in  part  also  from  the 
specimens  C  7360a  and  C.  7360(2;  and  that  fig.  Ic  has  been  taken 
from  the  specimen  C.  73616.  1  have  not  been  able  to  recognize 
In  the  collection  the  original  of  figs.  4a>{2  on  pi.  xix. 

The  species  was  originally  described  by  U.  F.  Blanford  in  1863 
(Joum.  Asiatic  Society  of  Bengal,  vol.  xxxii,  1863,  p.  126,  pi.  i, 
figs.  3,  da).  He  considered  (p.  106)  A.  Lymani,  A.  Oppel  (Pal. 
Mittheil.,  iv  (1863),  p.  272,  pi.  Ixxvi,  figs.  3a-c),  to  be  a  synonym. 

»  F.  Stoliczka  (Mem.  Geol.  Suit.  India,  vol.  v,  pt.  1, 1866)  says  (p.  93),  "  Fig.  U 
in  Strachey's  Pal.  pi.  18  eiyes  no  good  idea  of  the  true  form  of  the  lobes  and 
<wddl^.  The  ^gure  was  evidently  taSen  from  a  specimen  with  a  very  much  eroded 
surface." 


Digitized  by  VjOOQ  IC 


122     O.  C.  Crick — Straehet/*9  Cephalopoda  from  Rimalapd^ 

Yar.  a  {^Ammonitea  mundus,  E.  Straohey  MS.). 

In  his  desoription  (p.  88)  of  this  variety  Professor  Blanford  states 
that  *'  the  two  fragments  in  the  [Strachey]  collection  are  those  of 
larger  shells  than  any  of  the  normal  form."  Amongst  the  examples 
forming  part  of  the  Strachey  Collection  which  was  transferred  from 
the  Museum  of  Practical  Geology,  this  variety  is  represented  by 
a  single  imperfect  specimen  [No.  C.  5035]  enclosed  in  a  portion  of 
a  nodule  in  association  with  a  part  of  the  phragmocone  of  a  Belemnita 
(probably  the  form  which  Blanford  referred  to  Miller's  B,  8ulealu$), 
and  a  fragment  of  a  thick- whorled  biplicated  Ammonite  (lik^^ 
A.  torquatua)  ;  it  is  labelled  with  a  Jermyn  Street  Museum  label 
**  Oolitic :  Niti  Pass.  Ammonites  acucinotus  (Stra.),  Ammonites 
biplex  (Sow.),  Belemnites  sulcatus  (Mill.)."  The  specimen  com- 
prises only  about  the  last  third  of  the  outer  whorl ;  this  seems  to 
have  formed  part  of  the  body-chamber,  as  no  septa  are  visible ;  of 
the  rest  of  this  whorl  and  of  the  earlier  whorls  there  is  ai^ 
impression  on  the  nodule  that  shows  clearly  the  character  of  the 
ornaments  of  the  test.  This  fossil  is  most  probably  the  figured 
example,  the  figure  having  been  reversed  and  very  much  restored* 
The  direction  of  the  strise  has  been  indicated  on  the  fossil  in  pencil, 
probably  to  assist  the  artist.  The  dimensions  of  the  specimei^ 
appear  to  have  been: — diameter  of  shell,  about  53mm. ;  radius  of 
shell,  31  mm. ;  height  of  outer  whorl,  24  5  mm. ;  thickness  of  outer 
whorl,  14  mm. ;  width  of  umbilicus,  12  mm. 

The  following  are  figured  among  the  Jurassic  Cephalopoda,  but 
are  not  referred  to  in  the  text  of  the  work  : — 

20.   Ammonites  Batteni  (R.  Strachey  MS.),  H.  F.  Blanford. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanford :   Pal®ont.  Niti,  1865,  pi.  xi. 

figs.  2a-«.) 

These  figures  are  placed  among  the  illustrations  of  Jurassic 
Ammonites,  and  are  named  at  the  foot  of  the  plate  "  Anu  Batteni,** 
but  the  species  appears  not  to  be  referred  to  in  the  text  The 
original  of  the  figures  is  in  the  British  Museum  collection 
[No.  C.  4867] ;  it  was  transferred  from  the  Museum  of  Practical 
Geology  labelled  with  one  of  that  Museum's  labels  '< Oolitic: 
Niti  Pass.  Ammonites  Batteni.  Coll.  by  Col.  Straohey";  but 
I  think  there  can  be  no  doubt  about  its  being,  aa  has  already 
been  pointed  out,  a  Triassic  species  referable  to  the  genus  Oymnites.^ 
It  will  therefore  be  more  fully  dealt  with  among  the  Triassic 
species  belonging  to  the  Strachey  Collection. 

21.   Ammonites,  sp. 

(H.  F.  Blanford,  in  J.  W.  Salter  &  H.  F.  Blanlwd:  Palieont.  Niti,  1865,  pi.  xix^ 

figB.  Sa-e.) 

The  original  of  these  figures— fig.  3a  representing  the  specimen 
of  the  natural  size — is  in  the  British  Museum  collection  [No.  0.  7677]. 
It  is  not  referred  to  in  the  text.     The  specimen  was  transferred 

>  See  C.  Diener:    Hem.  Oeol.  Svr.  India,  Pal.  Indies,  ser.  xr,  ipol.  ii,  pt.  2: 

(1895),  p.  53  et  seq. 
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from  the  Museum  of  Practioal  Oeology  apparently  with  the  rest 
of  the  Strachey  Collection,  although  there  is  now  no  information 
-with  the  fossil.  There  is,  however,  a  loose  Jermyn  Street  Museum 
label,  without  any  specimen,  to  the  following  effect : — **  Oolitic : 
Niti  Pass.  Ammonites  orbiculatus.  Coll.  by  Col.  Strachey."  I  have 
not  met  with  this  specific  name  in  any  descriptions  of  Himalayan 
fossils,  but  the  form  of  the  present  specimen  would  most  likely 
fiuggest  such  a  specific  name,  and  I  therefore  think  there  is  every 
probability  of  this  label  having  belonged  originally  to  this  example, 
although  direct  evidence  of  the  fact  is  wanting.  If,  however,  the 
name  A,  orbiculatus  has  been  used  in  connection  with  any  Jurassic 
Oephalopod  from  the  Himalaya,  it  probably  refers  to  this  specimen. 


V. — The  Zonb  of  Hoplites  interruptus  (Bbuguiebe)  at  Black 
Vbn,  Charmouth. 

By  W.  D.  Lang,  B.A.,  F.Z.S.,  British  Museum  (Nat.  Hist.). 

LYING  unconformably  upon  the  well-known  Liassic  beds  of 
Black  Yen,  the  cliff  which  overhangs  the  sea-shore  between 
Lyme  Regis  and  Charmouth,  occur  beds  of  Cretaceous  age,  repre- 
senting the  Gault  and  Upper  Greensand  of  other  localities.  The 
lower  beds  consist  of  loams,  dark  and  almost  black  where  the  clay 
predominates  over  the  sand,  and  lighter  where  the  sand  is  present 
in  larger  quantities.  Above  these  loams  are  yellow  sands  containing 
indurated  nodules  called  '  Cowstones/  which,  with  the  *  Foxmould ' 
sands  above  them,  have  been  considered  to  represent  the  zone  of 
Schlcenhachia  rostrata  (Sowerby).*  The  dark  loams  below  them 
represent,  therefore,  the  zone  of  Hoplites  interruptus  (Bruguidre). 

Of  this  zone  some  account  has  been  given  in  the  Survey  Memoir ;  • 
but  as  the  section  given,  measured  in  1895,  agrees  only  generally 
with  those  measured  by  the  author  in  1901  and  1902,  differing 
conspicuously  in  the  absence  of  the  hard  shales  to  be  described 
later;  and  as  the  two  last-mentioned  sections,  though  separated 
for  some  distance,  are  obviously  continuous,  it  may  not  be  out  of 
place  to  describe  the  sections  that  are  exposed  at  the  time  of  writing. 
For  the  cliff  frequently  falls,  causing  the  covering  up  of  old  sections 
and  the  exposure  of  new.  And  though,  until  it  was  measured  in 
detail,  the  western  section  was  thought  to  be  that  described  in  the 
Survey  Memoir  and  measured  in  1895,  the  author  now  thinks  that 
a  new  section  is  exposed,  showing  three  bands  of  hard  shaly  loam 
unrecorded  before. 

Concerning  the  eastern  section,  which  shows  the  junction  with  the 
Lias,  it  may  be  that  described  as  having  been  found  by  Mr.  C.  Reid 
in  1875.^  At  present,  however,  it  is  not  at  all  obvious,  being 
covered  by  some  thickness  of  'rainwash,'  so  that  to  expose  the 
junction  some  amount  of  digging  has  to  be  performed. 

»  A.  J.  Jukes-Browne:  **The  Gault  and  Upper  Greensand  of  England,"  1900, 
p.  183. 

2  Jukes-Browne :  loc.  cit.,  pp.  187-189. 
^  Jukes- Browne :  loc.  cit.,  p.  189. 
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The  reason  why  this  zone  is  so  rarely  exposed  in  section  is  tbat 
the  beds  above  it  are  sandy  and  pervious  to  rain,  and  those  belonging 
to  it  are  also  to  a  large  extent  pervious.  On  the  other  hand,  the 
Lias  clay  upon  which  it  rests  is  extremely  impervious.  Consequently 
the  line  of  junction  between  this  zone  and  the  underlying  Lias  is 
marked  by  a  succession  of  springs,  forming  boggy  ground  covered 
with  overgrowth.     Sections  are  therefore  or  rare  occurrence. 

I'his  tract  of  boggy  ground  lies  on  Black  Yen  at  a  height  of  over 
500  feet  above  sea-level,  and  from  50  to  100  feet  below  the  new 
Lyme  road.  This  it  crosses  on  its  descent,  eastwards  of  Oharmouth 
cutting,  and  is  not  very  noticeable  as  it  turns  northwards  over  the 
-old  Lyme  road.  Thence  it  sweeps  round  the  hillside  above  and 
parallel  with  the  Axminster  road,  and  becomes  very  obvious  in  the 
fields  below  "  Femhill,"  where  the  springs  which  supply  the  village 
lie.  Further,  this  boggy  tract  can  be  traced  across  the  Axminster 
road,  in  the  neighbourhood  of  Hogchester  farm,  and  so  up  the 
valley ;  but  no  inland  sections  have  been  found. 

On  the  eastern  side  of  the  Char  valley,  on  Stonebarrow  cliff  and 
round  Stonebarrow  hill,  this  tract  of  land  is  not  so  obvious,  doubtless 
because  the  line  between  the  pervious  and  the  impervious  is  not  so 
clearly  de6ned.  For  the  Cretaceous  beds  on  Stonebarrow  cliff  rest 
on  the  lowermost  beds  of  the  zone  of  Amaltheus  margariiatus, 
Mont.,  known  as  the  **  Three  Tiers,"  *  which  are  loamy ;  whereas 
on  Black  Yen  they  overlie  the  lower  beds  of  the  zone  of  Liparoeera$ 
4:apricomus  (Schlotheim),'  which  consist  of  impervious  clays. 

The  more  eastern  section  on  Black  Yen  shows  the  junction 
between  the  Cretaceous  and  the  Lias.  It  lies  on  the  cliff  face,  at 
a  height  of  about  315  feet,  directly  beneath  the  Charmouth  end  of 
the  Charmouth  cutting,  where  the  descent  to  the  village  begins.  It 
is  covered  with  fallen  Greensand,  and  was  found  as  follows : — 

The  edge  of  a  steep  precipice  just  below  the  section  is  formed  by 
the  outcrop  of  a  limestone  a  foot  thick,  the  '  Belemnite  Stone.' 
Above  this  the  cliff  face  slopes  backwards  at  a  moderate  angle, 
and  on  this  slope  Lias  fossils  and  worm-tubes  from  the  Cretaceous 
beds  are  found  mixed.  This  slope  was  followed  upwards  until  the 
highest  Lias  fossil  was  found.  A  foot  or  so  above  this  a  hole  was 
du^,  and  after  clearing  away  perhaps  a  foot  of  loose  fallen  sand,  the 
junction  was  hit.  The  section  was  measured  in  December,  1902, 
and  the  hole  dug  was  still  visible  in  December,  1903,  and  easy  to  find. 

'J'he  details  of  the  section  are  given  in  Fig.  1  (p.  125). 

Bed  1.  The  pebbles  at  the  base  of  the  black  loam  do  not  form 
a  continuous  bed,  but  occur  in  pockets,  which  may  be  six  inches 
thick  at  the  widest  part.  Between  these  pockets  are  spaces  where 
no  pebbles  occur,  but  the  dark  green-black  loam  is  directly  super- 
imposed upon  the  blue  clay  of  the  Lias,  forming  a  contrast,  and 
•contains  itself  so  much  clay  that  it  is  coherent  enough  to  allow  quite 
small  specimens  to  be  dug  out,  showing  the  junction  as  a  sharp 
<wavy  line  (see  Fig.  8,  p.  128). 

'  H.  B.  Woodward:  **The  Liaa  of  England  and  Wales,'*  1893,  pp.  195,  196. 
^  H.  B.  Woodward:  loc.  cit.,  p.  68. 
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In  these  specimens  there  is  a  very  tliin  layer  of  clay  varying  from- 
about  i  inch  to  an  almost  imperceptible  thickness,  of  paler  ooloiir 
than  the  clay  below.  The  upper  boundary  of  this  layer  is  the 
jagged,  wavy,  but  sharply  defined  line  already  mentioned,  and  the 
lower  boundary  a  much  less  clearly  defined  though  comparatively 
straight  line.  This  pale  layer  is  described  from  dried  specimens,  and 
it  was  not  seen  whether  it  was  noticeable  when  they  were  freshly  cut^ 

Fig.   3. — Specimen  showing  the  Junction   between  the  Sblbornian 
AND  Lias  on  Black  Vbn,  nati^ral  size. 


1.  Selbornian  Loam. 

2.  Pale  band  at  the  top  of  Lias  Clay. 
8.  Liaf*  Clay. 

The  pebble  bed  is  not  easy  to  see,  as  the  pebbles  are  very  incon* 
spicuons,  but  its  presence  is  easily  detected  by  the  grating  of  the- 
pebbles  against  the  trowel  when  the  bed  is  dug  into. 

The  pebbles  vary  in  size  from  that  of  a  pigeon's  e^  to  that  of 
coarse  sand.  They  are  mostly  subangular,  but  some  are  well 
rounded,  and  are  nearly  all  of  silica  in  various  forms.  Vein  quartz: 
is  the  chief  of  these,  forming  the  largest  pebbles.  Others  are  of 
brown  chert  with  a  very  smooth  pale-green  altered  surface.  A  few 
were  of  white  limestone  and  of  black  grit.  A  few  fragments  of 
Belemnite  were  also  found.  The  constituents  of  a  washed  sample 
are  given  in  the  Survey  Memoir.^ 

The  matrix  in  which  the  pebbles  lie  is  a  loam  of  dark  greenish 
colour,  the  darkness  being  due  to  the  presence  of  blue  clay,  and  the- 
green  to  that  of  a  small  quantity  of  glauconite.  The  loam  also- 
contains  a  little  mica.  The  bed  becomes  sandier  towards  the  top^ 
gradually  passing  into  the  next  bed. 

No  fossils  were  found  in  this  bed,  nor  in  bed  2. 

Bed  2.  This  is  like  bed  1,  but  sandier,  and  consequently  lighter 
in  colour.     Tellow  patches  of  comparatively  pure  sand  occur  in  it 

A  few  feet  up  this  bed  is  overlain  by  a  mass  of  yellow  sand  fallen 
from  the  higher  beds,  upon  which  rests  the  soil  of  the  cliff  slope 
above.  This  slope  is  very  slight,  and  is  marked  by  a  tract  of  over* 
grown  land  fi-om  50  to  100  yards  wide,  backed  by  a  cliff  of  yellow 

'  Jukes-Browne:  loe.  cit.,  p.  189. 
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,  kand  ot  the  beds  known  as  *  Foxmould '  in  the  zone  of  Schlcenhaekit^ 

\  rostnUa,     This   cliff  immediately  underlies  the  road,  and  is  the 

Beaward  faoe  of  a  large  mass  of  land  which  has  slipped  bodily  down 

the  cliff,  forming  the  fault  shown  in  the  diagrammatic  section  of 

Black  Ten  (see  Fig.  2,  p.  127). 

About  250  yards  west  of  that  just  described  is  a  section  showing 
the  upper  part  of  the  zone  of  Hoplites  interruptus  and  the  lower  part 
of  the  zone  of  Schlcenbachia  rostrata.  The  cliff  arises  from  the 
platform  of  bo^y  ground  mentioned  early  in  this  paper,  and  is 
about  70  feet  high,  the  top  being  formed  of  '  Foxmould '  just  above 
the  highest  layer  of  '  Cowstones.'  The  details  of  the  beds  in  the  first- 
mentioned  zone  are  shown  in  the  following  figure  (Fig.  4,  p.  180). 

Bed  2.  This  bed  agrees  lithologically  with  that  numbered  2  in 
the  eastern  section ;  and  being,  as  far  as  can  be  determined,  at  the 
8ame  height,  is  obviously  identical  with  it.  Thus  the  two  sections 
are  continuous,  and  the  whole  thickness  of  the  zone  is  exposed.  The 
total  thickness  of  this  bed  is  probably  about  ten  feet,  and  so  the 
sections  overlap  for  three  feet,  two  feet  being  hidden  below  the 
.western  section,  and  three  having  been  removed  above  the  eastern. 
!  Bed  3.  This  is  the  most  interesting  bed  in  the  zone,  for  it 
Abounds  in  fossils  in  its  lowest  part  The  nearest  locality  whence 
JEkbundanoe  of  Grault  fossils  has  been  obtained  is  distant  about  thirty 
iniles  at  Okeford  Fitzpaine,  where  the  lower  beds  have  been 
recognised  ^  as  belonging  to  the  zone  of  Acanihoeercu  mammillatum 
(Schlotheim),  which  is  there  five  feet  in  thickness.  So  it  is  possible 
that  beds  1  and  2  may  represent  this  zone  on  Black  Yen,  but  the 
absence  of  fossils  makes  this  point  impossible  to  decide. 

Of  the  fossils  from  bed  3  a  list  is  given  in  the  Survey  Memoir.' 
But  in  addition  the  British  Museum  has  the  following  species 
located  from  here : — 

AtUarte  sp.  Xucula  alhensiSf  d'Orbigny. 

OrasiatelUtes  gracUii,  Sowerby.  Fecten  (Syneychnema)  atriatcpunetatus  (Mantell). 

OervilHa  Forbesiana,  Sowerby.  Fholadomya  sp. 

Ludna  sp.  TeUina  sp. 

.  Merttrix  sp.  Thetu  minor,  Sowerby. 

Modiola  tUhentit  (d*Orbigny).  Thrada  saneta-enteit,  Pictet  &  Campiche. 
MotUola  aif.  tubttntplez,  d^Orbigny. 

The  following,  too,  have  been  found  by  the  author,  which  are 
neither  in  the  list  in  the  Survey  Memoir  nor  in  the  British 
Museum : — 

Cutpid&ria  tanete^ertiM,  Pictet  &  Campiche.       Lmgula  aubovalU,  DaTidson. 
OgtrM  sp.  Shdl  of  a  Cinripede,  ?  SealpeUuntj  sp. 

A9€il4m»  mfiata,  d'Orbigny. 

By  Ux  the  commonest  fossils  are  Peeten  orhieularia,  Sowerby,  Lima 
fOraUela,  d'Orbigny,  and  Inoeeramue  e<meentrieu$,  Parkinson;  but 
Grammatodon  earinatus  (Sowerby),  Pinna  sp.,  and  a  small  Gasteropod, 
?  Ftt$u$y  were  plentiful. 

I  R.  B.  Newton,  "  Cretaceous  Zones  in  Dorset  *' :  Gbol.  Mao.,  1896,  p.  198,  and 
Proc.  Dorset  Nat.  Hist,  and  Ant.  Field  Club,  vol.  xriii  (1897),  p.  66. 
<  Jidces-Browne:  k»e.  cii.,  p.  188. 
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10.  Grt J,  loamy,  mioaoeous  sand,  with  very  little 
glauconite,  and  with  small  patches  of  bright 
red  iron  oxide ;  becoming  more  argillaceous 
lower  down,  and  containing  a  few  worm-tubes. 


9.  Blue,  loamT»  glaueonitio  clay,  with  a  little  mica. 
No  fossils. 


8.  Very  hard,  shaly  loam.    A  few  fossils. 
7.  Blue,  loamy,  glauoonitic  clay,  with  a  little  mica. 
6.  Very  hard,  sludy  loam.  [No  fossils, 

6.  Blue,  loamy,  glauoonitic  clay,  with  a  little  mica. 
4.  Very  hard,  shaly  loam.  A  few  fossils.  [No  fossils. 


3.  Bluish-black  loamy  clay,  containing  a  little  mica, 
with  fossils,  becoming  more  amllaceous  and 
much  more  fossiliferous  lower  down. 


2.  Dark-green  glauconitie  loam,  becoming  sandier 
lower  down.    No  fossils. 
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Bed  3  18  again  exposed  in  two  little  sections  a  few  feet  high,  about 
twenty  yards  farther  west     These  yielded  specimens  of  TurriUUa, 

Beds  4,  6,  and  8.  These  three  beds  are  like  each  other,  and  in 
oomposition  resemble  closely  the  last  bed  and  beds  5,  7,  and  9,  bat 
<liffer  from  them  in  their  stractnre,  which  is  hard  and  difficult  to 
break  with  the  hammer,  owing  to  the  rock  immediately  beneath  the 
hammer-head  becoming  pulverised  and  acting  as  a  cushion  to  the 
rest  of  the  mass.  Moreover,  it  does  not  break  along  bedding-planes 
•(thoagh  the  existence  of  these  can  be  seen  on  a  weathered  surface), 
but  into  irregular  lumps.  These  beds  are  conspicuous  on  the  face 
of  the  section,  for  beiug  harder  they  weather  back  less  quickly  than 
•those  above  and  below  them.  They  contain  traces  of  fossils,  and 
a  cast  of  Thetis  mtnor,  Sowerby,  was  foand  in  a  fallen  block  from 
one  of  them,  lying  in  the  bog  beneath  the  section. 

Beds  5,  7,  and  9.  These  beds  are  like  the  last  in  composition, 
only  not  indurated,  but  rather  sticky  and  coherent.  No  fossils  were 
found  in  them. 

Bed  10.  This  bed  ushers  in  sandy  conditions  again,  being  really 
a  passage  bed  between  this  zone  and  the  zone  of  Schtcenbaehia 
rosirata  above,  which  consists  of  slightly  loamy  sands  throughout, 
4t8  base  being  marked  by  the  lowest  layer  of  Cowstones.  As  this 
layer  is  approached,  bed  10  becomes  more  sandy,  being  more 
argillaceous  in  its  lower  part  and  containing  a  few  fossil  worm-tubes. 
In  places  it  is  characterised  by  small  bright  patches  of  blood-red 
iron  oxide. 

To  sum  up  : — On  the  face  of  Black  Yen  the  total  thickness  of  the 
zone  of  Hoplites  interruptus  is  about  38  feet,  and  lies  between 
<315  feet  and  353  feet  above  sea-level.  The  whole  is  seen  in  two 
sections.  The  beds  are  loams  with  varying  proportions  of  sand 
and  clay.  They  are  sandiest  at  the  top,  becoming  more  argillaceous 
on  descending,  the  predominance  of  the  clay  reaching  a  maximum 
in  bed  3,  at  about  15  feet  from  the  base  of  the  zone.  The  bottom 
few  inches  of  the  zone  also  contain  much  clay,  and  are  characterised 
by  an  impersistent  pebble  bed.  Fossils  occur  sparingly  throughout 
ihe  zone  above  bed  3,  but  become  abundant  at  the  base  of  this  bed, 
simultaneously  with  the  maximum  amount  of  clay.  The  bottom 
two  beds  may  represent  the  zone  of  Acanthoeeras  mammillatum,  but 
there  is  not  a  particle  of  fossil  evidence  to  justify  the  assertion. 


jeToa?iCES  o:f  iMiEisdioiRs,  etc. 

I. — SiNOLBMBSS  OF  THE  lOB   AgE. 
(D»  ElMHBITUGHKBIT  DBB  QuABTABBK  ElSZBIT.      Tou   E.    GbINITZ 

in   Bostock.     Aus  dem   Neuen  Jahrbuch  fiir  Mineralogie   und 
Palaeontologie.     Beilage-Band  xvi,  S.  1-98.     Stuttgai-t,  1902.) 

HE  who  attempts  to  collect,  harmonize,  and  arrange  into  a  scheme 
of  classification  the  accounts  of  the  North  European  Drift 
in  separate  areas  is  confronted  with  divergence  of  view  in  every 
direction.     The  number  of  Glacial  and  Interglacial  periods,  their 
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importance,  their  eqnivalenoe,  all  preseDt  difiQcalties.  He  finds 
adjacent  and  probably  equivalent  fossiliferous  beds  ranked  differently 
by  different  authors ;  a  aeries  will  by  one  be  designated  Interglaioial 
which  another  calls  no  more  than  a  local  deposit  of  sand  or  clay. 
The  latest  researches  in  Quaternary  geology  have  led  to  the  following 
obnolasions : — For  Sweden  it  has  been  shown  that  the  Ice  Age  ther& 
was  single,  unbroken  by  Interglacial  periods.  Examination  of  the 
moraines  south  of  the  Baltic  shows  that  these  are  no  boundaries 
of  ice^xtension,  but  only  mark  stages  of  retreat  The  so-called 
'First  Ice  Age*  covered  a  narrower  area  than  the  'Second  or 
Principal  Olaciation ' ;  the  'Third/  again,  less  than  the  Second. 
Views  on  the  importance  of  the  *  Upper '  and  *  Lower '  Bonlder-claya 
are  more  and  tnore  extending  the  domain  of  the  Upper.  The  list 
of  the  fossiliferous  '  Interglacial  beds '  is  continually  increasing. 

It  must  be  remembered  that  while  in  the  northern  districts 
removals  of  material  will  have  predominated,  accumulations  will 
have  been  the  rule  in  the  centre,  fluvio-glacial  formations  in  the 
sbttthem  border-region.  Glaciers,  and  in  like  manner  ice-flolds  and 
ioe-packs,  will  have  produced  plentiful  disturbances  of  beds. 

Oonsidering  everything,  the  author  is  driven  to  the  conclusion 
that  ^  for  the  southern  area  of  glaciation  as  for  the  northern,  tlie 
whole  Drift  is  to  be  treated  as  a  single  sequence,  only  broken  by 
.OBOillations" ;  that  "only  one  Ice  Age  has  existed,  instead  of  the 
supposed  three  (or  four)  sandwiched  in  with  Interglacial  periods 
of  long  duration.  Consequently  the  facies  accepted  as  intermorainic 
must  be  ascribed  only  to  somewhat  larger  oscillations  of  the  ice-front, 
not  to  periods  wholly  free  from  ice." 

He  quotes  Hoist's  views  on  an  elevation  of  Scandinavia,  which 
would  increase  its  glaciers ;  while  the  increase  of  ice  virould  produce 
depressions  ;  and  discusses  the  probable  sequence  and  consequences. 

Depressions  would  extend  areas  of  submergence ;  connection  with 
cold-water  seas  would  bring  deposits  of  Arctic  forms ;  with  wanner 
waters,  temperate.  On  land,  animals  and  plants  would  follow 
advances  and  retreats  of  the  ice-front. 

Discussing  the  records,  he  decides  that  ''the  fauna  and  fora 
of  the  Quaternary  period  indicate  a  climate  like  the  present,  only 
slightly  warmer."  But  the  mighty  mass  of  ice  affected  climate, 
lowering  it  over  North  Europe.  The  northern  ice  advanced,  with 
many  oscillations,  pushing  forward  especially  into  bays  and  valleys, 
leaving  intervening  areas  free  of  ice.  Consequent  alterations  of 
level  would  produce  or  remove  submergences.  Finally,  the  period 
of  retreat  seems  a  time  of  somewhat  greater  warmth  than  the  present, 
and  lasted  considerably  longer  than  the  period  of  advance. 

One  may  say  that  the  Ice  Age  to  a  certain  extent  worked  its  own 
downfall — rise  of  Scandinavia  and  vast  development  of  glaciers ; 
consequent  depression ;  access  of  warm  currents  and  rise  of 
temperature  ;  commencement  of  melting. 

The  same  considerations  are  applicable  to  Qreat  Britain,  where 
the  marine  deposits,  in  close  relation  to  the  Boulder-clay,  play  a  yet 
more  important  part. 
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'  The  author  prdceeda  to  give  reaaonis  for  the66  views.  Undei^  a 
heading  ''First  and  Third  loe  Age,"  he  disoasses  the  formatiohs 
which  have  been  attributed  to  these.  There)  is  no  charaoterietio,  he 
MMye,  which  can  be  relied  upon  for  assigning  a  particular  Boulder* 
•day  to  the  Upper  or  the  Lower  Drift 

He  enumerates  and  discusses  in  detail  ''the  Fossiliferous  Drift 
Deposits  of  North  Germany  and  Denmark,"  classifying  them  as — 

(1)  Lacustrine  deposits :  (a)  Pre-Glacial,  (a)  River,  (fi)  Subsidence 
•deposits  (these,  he  remarks,  collectively  lie  along  a  line  which  he 
describes) ;  (b)  Interglacial  fresh-water  formations,  (a)  Peat-beds, 
(fi)  Diatom-beds,  (7)  Beds  with  fresh- water  shells-  (2)  Marine 
Diluvium  or  Pleistocene  Drift:  (a)  Cimbrian  Peninsula  (the 
occurrences  collectively  indicate  an  extension  of  the  Elbe  Estuary 
100  km.  inland  from  Hamburg,  also  access  of  the  North  Sea  to 
the  Baltic,  affecting  Moen  and  Btigen) ;  (fi)  Prussian  Province 
(the  occurrences  collectively  indicate  an  arm  of  the  sea  extending 
into  the  heart  of  East  Prussia). 

A  folding  page  at  the  end  gives  the  Author's  Scheme  of  Inter- 
pretation : — (1)  Rise  of  the  Scandinavian  Archssan  massif,  increase 
-of  ice*  and  production  of  the  Norwegian   and   Baltic   Ice-stream. 

(2)  Floes  and  bergs  in  Atlantic  and  Baltic,  with  deposit  of  various 
materials.  (3)  Advance  of  ice  into  Germany.  (4)  Ice  reaching 
maximum  extension  in  Holland,  Saxony,  Silesia,  Central  Russia. 
Then  a  short  period  of  rest  (6)  Ijong  period  of  melting,  leaving 
remains  of  terminal  moraines.  (6)  Further  retreat  of  the  ice, 
leaving  well-known  terminal  moraines  of  the  Baltic  ridges. 
(7)   I^treat  to  the   Scandinavian  terra  firma.     (8)   Circumstances 

of  to-day.  A  map  marks  the  positions  and  natures  of  fossiliferous 
localities,  lines  of  terminal  moraines,  areas  indicating  marine 
submergence,  and  southern  limits  of  glaciation.  E.  H. 

II.— International  Gkologigal  Congress. 
1. — Report  op  the  Commission  on  International  Co-operation  in 
Geologioal  Investigation   laid  before   the  International 
Geological  Congress  at  Vienna  in  1903.     By  Sir  Archibald 
Geikie,  President  of  the  Commission. 

HAVING  been  appointed  at  the  last  Congress  to  preside  over  the 
Commission  formed  at  Paris  in  1900  for  international  co-operation 
an  geological  research,  I  wrote  individually  to  each  of  the  members 
of  this  Commission  asking  them  to  be  good  enough  to  give  me  their 
•views  and  suggestions  on  the  subjects  submitted  to  our  consideration. 
To  these  letters  I  have  only  received  two  replies.  I  cannot 
therefore  to-day — and  it  is  to  be  regretted— submit  to  the  Congress 
the  conclusions  of  the  full  Commission.  Nevertheless,  the  importance 
of  the  subjects  proposed  is  such  that  it  justifies  me  in  recapitulating 
them  to  you.  The  questions  submitted  to  the  Commission  were 
the  following:— (1)  What  are  the  branches  of  geological  research 
in  which  international  action  appears  the  most  desirable;  and 
•(2)  what  are  the  best  means  of  ensuring  uniformity  of  method  in 
we' investigations  ? 
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1.  With  regard  to  the  first  of  these  questions  it  is  obvious  that 
international  oo-operation  may  be  profitably  adopted  for  the  oon» 
sideration  of  problems  oonneoted  with  dynamical  geology — suoh  as 
earthquakes,  the  movements  of  the  terrestrial  crust,  the  oonrscr 
fluctuations  and  geological  functions  of  glaciers,  the  rate  of 
progress  of  denudation  under  the  action  of  epigene  agents  in 
di£ferent  climates. 

2.  The  reply  to  the  second  question  ought  to  be  treated  fromr 
tiro  points  of  view.  In  the  first  place,  there  are  international 
scientific  investigations  which  by  reason  of  their  special  character 
ought  to  be  undertaken  by  geologists  properly  so  called.  For  thia 
kind  of  research  the  Congress  has  only  to  follow  the  lines  already 
laid  down  by  it,  and  the  end  will  be  attained  by  the  organization 
of  special  commissions  similar  to  those  now  in  operation  for  the 
geological  map  of  Europe,  glaciers,  petrography,  which  have  already 
obtained  such  important  results.  New  special  commissions  may 
have  to  be  appointed,  but  this  is  not  the  place  to  propose  them. 

But  there  is  a  second  series  of  international  researches  of  capital 
importance  to  geology,  the  prosecution  of  which  appears  to  me 
to  require  an  organisation  and  resources  superior  to  those  of  our 
Oongress.  For  some  years  several  scientific  Associations  have  existed 
which,  like  our  own,  have  proposed  international  combination  for  the 
furtherance  of  different  branches  of  science.  I  think  our  Congresa 
might  profit  by  this  tendency,  and  endeavour  to  effect  a  collaboration 
for  the  study  of  the  problems  which  interest  us  and  whose  solution^ 
involves  varied  technical  knowledge  and  considerable  expense. 
Thus  it  is  a  problem  of  the  greatest  interest  to  geologists,  whether 
a  chain  of  mountains  subject  to  earthquakes  undergoes  at  the  same 
time  slow  movements  of  elevation  or  depression.  The  solution  of 
this  question  necessitates  particular  measurements,  both  numerous 
and  prolonged.  But  why  should  geologists  undertake  it  alone  ? 
It  is  as  interesting  for  geodesists  as  for  geologists ;  the  accuracy 
of  their  methods  would  be  most  valuable  to  us.  Now  there  already 
exists  an  ''  International  Qeodetic  Association,"  established  for  the 
study  of  the  shape  of  the  earth.  Why  should  we  not  seek  the 
co-operation  of  our  colleagues  for  investigations  like  these,  where 
geodesy  plays  an  all-important  part,  but  which  have  also  great 
geological  value?  On  the  other  hand,  since  the  Geological  Congresa 
met  at  Paris  the  '<  International  Association  of  Academies,"  composed 
of  delegates  from  all  the  Academies  of  the  world,  has  been  founded. 
It  has  the  double  object  of  co-ordinating  scientific  investigations  and 
of  obtaining  from  the  Governments  of  the  different  countries  definite 
and  effectual  support.  This  powerful  Association  appears  to  be  sa 
well  adapted  to  deal  with  international  scientific  questions  that  we 
may  well  ask  ourselves  if  it  would  not  more  easily  and  fully  than 
our  Commission  determine  the  questions  that  I  have  submitted  U> 
the  Congress. 

If  such  should  be  your  opinion,  and  the  Congress  should  judge 
it  fitting  to  apply  to  the  '<  International  Association  of  Academies,"' 
I  would  suggest  that  a  Committee  be  appointed   to  define  the 
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geologioal  researches  to  be  undertaken  and  to  indicate  the  methods 
suitable  for  arriving  at  the  desired  end. 

This  programme,  sanctioned  by  the  authority  and  prestige  of  an 
International  Qeological  Congress,  would  be  submitted  to  the  Inter- 
national Association  of  Academies  at  its  next  meeting,  which  wiU 
be  held  in  London  at  Whitsuntide,  1904. 

2. — Bbpobt  of  thb  Commission  on  thb  Baisid  Bbaohbs  of  thp 
NoBTHBBN  Hbmisphbbb.  Presented  to  the  International  Oeo- 
logical  Congress  at  Vienna  in  1903,  by  Sir  Abohibald  Gbikib, 
President  of  the  Commission. 

The  Commission  submits  the  following  propositions  for  the  con- 
sideration of  the  Congress  : — 

1.  Hitherto  the  height  of  old  coastlines  (raised  beaches)  has  been 
measured  from  high-water  level,  mean  sea-level,  from  the  zone  of 
JWhs,  eta  But  no  one  of  these  boundaries  is  precisely  defined, 
and  they  vary  perceptibly  in  the  same  district  To  determine  them 
exactly  it  is  necessary  to  have  a  point  or  level  for  each  country 
cut,  or  marked  in  some  durable  manner,  on  the  solid  rock  near  the 
high  tide.  From  this  fixed  point  all  the  altitudes  along  the  coast- 
line should  be  measured  or  calculated. 

2.  Note  should  be  taken  of  all  the  possible  variations  of  the  mean 
level  of  the  sea,  and  to  this  end  the  archives  of  the  ports  should  be 
consulted. 

3.  llie  height  of  a  raised  beach  or  strand-line  should  always  be 
calculated  from  its  interior  or  superior  margin,  where  this  is  visible, 
but  the  height  of  the  exterior  or  inferior  edge  should  also  be  given 
when  it  can  be  observed,  as  an  indication  of  the  extent  of  tide  at  the 
time  of  that  coastline. 

4.  It  is  important  to  follow  the  horizontal  extent  of  a  coastline 
from  one  end  of  a  country  to  the  other. 

5.  The  variations  in  altitude  of  a  coastline  should  be  measured 
in  two  directions  where  that  is  possible  :  (1)  along  the  coast, 
i.e.  parallel  to  the  axis  of  a  country ;  (2)  transversely  to  this  axis, 
in  the  bays  or  fjords. 

6.  It  should  be  ascertained  if  a  coastline  or  a  series  of  these  lines 
disappears  in  a  given  direction,  and  the  conditions  under  which  this 
disappearance  takes  place  should  be  exactly  stated.  In  Scotland, 
for  example,  the  raised  beaches,  so  dearly  defined  along  the  west  and 
east  coasts,  disappear  towards  the  northern  extremity  of  the  kingdom 
in  the  county  of  Caithness,  and  in  the  islands  of  Orkney  and  Shetland. 

7.  The  diversities  of  character  in  a  line  of  raised  beach  deserve 
to  be  registered.  Parts  have  perhaps  been  cut  in  the  solid  rock 
{seter  of  Norway),  others  have  been  formed  of  deposits  of  detritus. 
The  relations  of  these  diversities  to  the  contours  and  to  other 
varieties  of  topographical  configuration  should  be  examined. 

8.  In  a  successive  series  of  raised  beaches  it  is  important  to 
determine  with  precision  their  relative  variations  in  level,  in  such 
a  manner  as  to  demonstrate   whether  or  not  the  movements  to 
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whiob  tbey  owe  their  origin  have  been  uneqnaly  and  to  show*  the 
direction  of  these  inequalities.  Differences  in  the  depth  of  the 
erosion  of  the  solid  rocks  and  in  the  breadth  and  the  thickness  of 
the  detritic  deposits  should  also  be  noted. 

9.  It  is  obvious  that  great  importance  attaches  to  the  organic 
remains  of  the  raised  beaches.  Not  only  should  the  detritic  deposits 
be  carefully  looked  over,  but  research  should  also  be  made  in  the 
rocky  platforms,  the  cliffs,  and  caves,  where  one  might  find  boring 
shells,  cirripedes,  or  adherent  corals. 


la  :e3  "v^  I E  -w^  s- 


I. — The  Marine  Tertiary  Fauna  op  America  and  Europe. 
By  Clement  Reid,  F.R.S. 

THE  completion  of  Professor  W.  H.  Dall's  monograph  on  the 
Tertiary  Fauna  of  Florida,  begun  in  1885,  places  in  our  hands 
exceedingly  valuable  material  for  the  study  of  certain  problems  that 
have  much  exercised  European  geologists.^  It  is  at  last  possible 
to  make  some  sort  of  comparison  between  the  moUuscan  faunas 
inhabiting  the  two  sides  of  an  ocean  in  Tertiary  times ;  fresh  light 
is  thrown  on  the  vexed  question  of  the  connection  or  isolation  of 
the  Atlantic  and  Pacific  Oceans  at  various  periods ;  and  incidentally 
we  may  perhaps  learn  something  as  to  the  former  course  of  the 
Gulf  Stream. 

We  are  not  prepared  to  criticise,  and  it  is  impossible  to  analyse 
in  detail,  the  descriptions  of  the  mollusoa  in  so  large  a  monograph. 
Attention  should  be  drawn,  however,  to  the  beautiful  way  in  which 
the  book  is  printed  and  illustrated  ;  and  we  roust  congratulate  the 
Wagner  Free  Institute  on  the  high  standard  which  has  been  kept 
up.  The  only  complaint  that  might  be  made  from  an  artistic 
standpoint  is  that  the  numerous  plates  look  perhaps  a  trifle  hard. 
But  anyone  who  has  worked  much  at  the  critical  determination  of 
closely  allied  species  will  recognise  that  this,  if  a  fault  at  all«  is 
a  fault  on  the  right  side;  these  illustrations,  for  scientific  purposes, 
are  far  better  than  the  soft  and  somewhat  woolly  lithographs  to 
which  we  often  have  to  refer. 

The  deposits  which  yield  the  mollusoa  range  in  time  from  Eocene 
to  Pliocene,  and  include  various  strata  on  the  western  side  of  the 
Atlantic  besides  those  of  Florida.  Almost  all  the  species  differ  from 
those  of  Europe ;  and  thus  they  do  not  support  the  idea,  suggested 
by  a  study  of  the  echinoderms,  that  during  Oligooene  times  the 
Mediterranean  region  may  have  been  connected  with  the  Antilles  by 
a  continuous  coast  or  belt  of  islands. 

The  discordance  between  the  mollusoa  and  the  echinoderms,  just 
referred  to,  raises  a  question  of  some  interest.    Is  it  not  a  discordance 

»  "  OontributionB  to  the  Tertiary  Fauna  of  Florida/*  by  Professor  W.  H.  DaU, 
^  Wagner  Free  Institute  of  Science,  Philadelphia,  pp.  1620  and  pis.  Ix  (1890-1903). 
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'l^fitweeo  free- swimming  and  sedentary  forms,  or  rather  between 
;0ddentary  forms  and  forms  that  go  through  a  floating  or  free; 
^wimming  stage  lasting  some  time  ?  On  looking  through  Prof^sisor 
Dairs  monograph  we  are  disappointed  to  find,  though  it  is  no  fault 
of  his,  that  practically  the  whole  of  the  molluscan  faunas  described 
consist  of  sedentary  forms.  If  we  could  compare  the  pteropods, 
Janthina,  ship- worms,  barnacles,  sharks,  and  such  like  on  the  two 
sides  of  the  Atlantic,  we  should  probably  discover  the  true  *  Atlantio' 
fauna  for  each  period,  which  would  leave  no  doubt  as  to  the  exact 
correlation.  At  present,  for  instance,  we  only  know  the  American 
and  European  Eocene  faunas  of  the  shallow  seas,  we  are  only 
slightly  acquainted  with  the  true  Atlantic  Eocene  fauna.  In  time 
these  gaps  will  be  filled  up,  and  we  shall  be  able  to  correlate  with 
^eater  certainty. 

The  careful  and  sober  account  of  the  physical  changes  in  the 
Antillean  region,  given  in  the  "  Discussion  of  the  Geology " 
(pp.  1641-1620),  needs  close  study  and  cannot  easily  be  condensed ; 
it  is  in  striking  contrast  with  much  of  the  wild  speculation  that  has 
been  rife.  The  physical  and  climatic  changes  are  traced  step  by 
step,  evidence  being  given  for  each  statement.  In  Eocene  times 
the  two  oceans  were  separate.  The  Oligocene  deposits  of  Florida 
are  of  enormous  thickness,  and  there  is  evidence  of  a  connection 
between  the  Atlantio  and  the  Pacific.  In  Miocene  times  the  two 
Americas  became  again  connected,  and  the  fauna  of  the  Gulf  coast 
changes  completely.  ''The  change  was  not  only  in  the  species  and 
prevalent  genera  of  the  fauna,  but  a  change  from  a  subtropical  to 
a  cool  temperate  association  of  animals.  Previously,  since  the 
beginning  of  the  Eocene,  on  the  Gulf  coast  the  assemblage  of 
genera  in   the   successive  faunas   uniformly  indicates  a  warm   or 

subtropical  temperature  of  water With  the  incursion 

of  the  colder  water  the  change  becomes  complete.  Not  only  do 
northern  animals  compose  the  fauna,  but  the  southern  ones  are 
driven  out,  some  of  them  surviving  in  the  Antilles  to  return  later. 
Some  change  along  the  northern  coast  permitted  an  inshore  cold 
current  to  penetrate  the  Gulf.  .  ..."  A  cool  Miocene  sea  in 
the  Gulf  of  Mexico  is  a  phenomenon  which  will  have  to  be  taken 
into  account  by  the  student  of  geographical  distribution.  In  con- 
junction with  a  temperate  Miocene  climate  in  the  Arctic  regions 
it  may  help  to  explain  the  occurrence  of  closely  allied  land-animals 
and  plants  on  the  two  sides  of  the  Atlantio,  and  in  the  northern  and 
southern  hemispheres. 

As  to  subsequent  changes.  Professor  Dall  writes  :  ''I  concur  with 
Hill  in  the  belief  that,  whatever  changes  of  level  may  have  taken 
place  since,  no  discontinuity  of  the  link  between  North  and  South 
America  from  the  Miocene  to  the  present  time  is  probable,  and 
certainly  none  amounting  to  a  free  communication  between  the 
two  oceans." 

Towards  the  close  of  the  Miocene  period  Florida  became  united 
•to  the  continent,  and  the  influx  of  cold  water  into  the  Gulf  of 
Mexico   ceased.     Gradually  the  temperature   rose,  and   the  exiled 
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tabtropioal  species  began  to  return ;  a  still  warmer  sea^temperature 
inaugurating  the  Pliocene.  "The  end  of  the  Pliocene  is  the* 
beginning  of  the  Glacial  epoch.  The  Pleistocene  of  Florida  shows- 
a  change  for  a  cooler  and  an  elimination  of  the  most  purely  tropical 
forms  from  the  fauna,  but  nothing  like  the  clean  sweep  at  the 
beginning  of  the  Miocene.  The  latter  is  the  sharpest  and  most 
emphatic  faunal  change  since  the  Cretaceous  on  our  coasts."  The 
curious  discordance  between  Tertiary  climatic  changes,  as  evidenced 
in  America  and  as  recognised  in  Europe,  is  a  striking  commentary 
on  any  attempts  to  trace  secular  climatic  variations  in  successive- 
faunas  in  a  limited  district.  The  influence  of  changes  in  physical 
geography  must  be  enormous ;  but  probably  in  the  case  of  Florida 
quite  exceptional,  as  is  recognised  by  Professor  Dall.  One  wonders, 
however,  whether  any  echo  of  these  geographic  changes  reached 
our  shore,  diverting  ocean  currents  and  perhaps  reversing  the 
climatic  changes  on  this  side  of  the  Atlantic. 


:rej:f>oi^ts    j^isrio    i^i^oosEiDiisra-s. 


I. — Gboloqical  Sooibtt  of  London. 

1.— January  6th,  1904.  — Sir  Archibald  Geikie,  D.C.L.,  D.Sc.,. 
Sec.  R.S.,  Vice-President,  in  the  Chair.  The  following  oom- 
munications  were  read  : — 

(1)  "On  a  Palaeolithic  Floor  at  Prah  Sands,  in  Cornwall."  By 
Clement  Reid,  Esq.,  F.R.S.,  F.L.S.,  F.G.S.,  and  Eleanor  M.  Reid,B.So. 

Prah  Sands  lie  about  7  miles  east  of  Penzance,  and  have  long 
been  known  as  exhibiting  a  good  section  of  '  head  '  or  rubble-drift, 
over  raised  beach,  which  rests  on  a  wave- worn  rocky  platform. 
Becent  storms  have  cleared  away  the  talus  at  the  foot  of  the  cliffy 
and  have  exposed,  between  the  '  head  '  and  the  raised  beach,  a  Palsdo- 
lithic  land-surface,  consisting  of  loamy  soil  penetrated  by  smaU 
roots.  In  and  above  this  occur  black  seams  full  of  small  fragments 
of  charcoal  and  bone ;  these  are  particularly  abundant  round  groupa 
of  large  flat  stones,  which  seem  to  have  formed  ancient  hearths. 
The  black  seams  contain  implements  made  of  vein-quartz.  For 
a  few  feet  above  this  land-surface  the  angular  <  head '  consists 
mainly  of  loam  with  fragments  of  vein-quartz,  some  of  which  are 
worked.  This  seems  to  be  the  first  record  of  Paladolithic  man  in> 
Cornwall. 

(2)  **  Implementiferous  Sections  at  Wolvercote  (Oxfordshire)."^ 
By  Alexander  Montgomerie  Bell,  Esq.,  M.A.,  F.G.S. 

This  section  shows  the  following  beds : — (1)  Oxford  Clay  ;  (2)  old 
surface,  in  which  are  pits  or  troughs  chiefly  filled  with  gravel  and 
enveloped  in  weathered  clay ;  (3)  a  large  river-bed,  containing 
gravel  at  the  base,  and  layers  of  clay  above ;  (4)  Neolithic  surface- 
layer,  2  feet  thick.  The  gravel  of  the  river-l)ed  contains  quartzite 
pebbles,  some  of  exceptional  size,  and  is  covered  by  a  thin  lenticular 
layer  of  peat  and  sand,  yielding  thirty  flowering  plants  and  many 
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mossea ;  the  clays  over  this  have  probably  been  formed  in  a  lake^ 
possibly  doe  to  a  beaver-dam.  In  the  gravel-bed  are  found  imple- 
ments formed  of  flint  quarried  from  the  Chalk,  or  of  quartzite  from 
pebbles  of  the  Northern  Drift,  all  remarkable  for  their  size,  beanty, 
and  freshness,  together  with  the  remains  of  large  mammals,  including 
the  mammoth.  The  old  surface,  from  which  the  river-bed  has  been 
eroded,  has  also  yielded  implements  associated  with  quartzites^ 
quartz -pebbles,  and  lydianstone,  gravel  from  the  Thames  Valley, 
limestone  pebbles.  Oolitic  fossils,  and  sand.  Tliis  deposit  is  regarded 
as  remanie  from  the  Northern  Drift,  probably  laid  down  under  the 
action  of  ioe,  as  shown  by  the  flask-like  shape  of  the  pits,  the  vertical 
position  of  some  of  the  pebbles,  and  the  jamming-in  of  masses  of 
sand,  probably  in  a  frozen  condition.  Further,  the  Oxford  Olay 
beneath  the  surface  is  weathered  and  shaken  to  a  depth  of  10  or  1^ 
feet,  except  where  cut  off  by  the  descending  depth  of  the  river-bed. 
The  implements  are  small,  ordinary  in  shape,  and  made  of  flint,  not 
quarried,  but  mostly  taken  from  the  Drift,  and  they  are  much 
weathered,  stained,  and  patinated.  The  occurrence  of  an  older  set 
of  implements,  differing  so  markedly  from  those  of  the  river-drift, 
leads  the  author  to  explain  the  peculiar  implementiferous  drift  of 
Iffley  as  containing  implements  of  two  kinds  and  two  dates.  Those 
that  are  unweathered  are  contemporaneous  with  the  deposit,  and  like 
those  of  the  Wolvercote  river-bed  ;  while  those  that  are  stained  with 
ochre,  or  deeply  patinated,  have  been  derived,  like  the  Oolitic  fossils, 
Tertiary  conglomerate,  quartzites,  and  volcanic  rocks,  from  an  older 
deposit.  The  author  believes  that  the  frequent  occurrence  of 
weathered  and  unweathered  implements  in  a  single  deposit  may  be 
explained  generally  in  this  way ;  and  he  further  infers  that  the  time 
between  the  Drift  and  the  river-bed  was  prolonged,  and  that  the 
interval  may  have  been  as  long  as  that  which  separates  the  epoch 
of  the  river-bed  from  the  present  day,  his  evidence  being  simply  the 
patination  of  the  flints.  In  conclusion  the  author  suggests  that  there 
are  three  classes  of  implement-bearing  drifts,  the  ice-drifts  being  the 
earliest  and  the  nver-d rifts  the  latest,  while  the  wash-drifts  may 
belong  to  more  than  one  stage. 


2.— January  20th,   1904.~Sir   Archibald   Qeikie,    D.C.L.,    D.Sc., 
Sec.  K.S.,  Vice-President,  in  the  Chair. 

The  Secretary  announced  that  the  Council  had  communicated  the 
following  resolution  of  sympathy  to  Mrs.  Etheridge : — 

**  That  the  Council  desire  to  place  on  record  their  great  regret  at  the  death  of 
Mr.  Robert  Etheridge,  F.R.S.,  formerly  President  of  this  Society,  who  did  so  much 
during  his  long  life  to  advance  Geological  Science  and  to  promote  the  interestff  of 
the  Society." 

The  following  communications  were  read  : — 

(1)  "On  the  Jaws  of  Plyehodm  from  the  Chalk."  By  Arthur 
Smith  Woodward,  LL.D.,  P.R.S.,  F.L.S.,  F.G.S. 

Hitherto  no  traces  of  the  cartilaginous  jaws  of  this  fish  have  been 
found  in  association  with  the  dentition  ;   but  Mr.  Henry  Willett 
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bas  recently  found  a  speohnen  of  Pi§ehodu$  decurrem  in  the  zone 
•of  J^laater  svbglobostu  of  the  Lower  Chalk  at  Qlynde  (Su8aex)< 
Fragmentary  remains  of  both  jaws  are  seen  in  the  specimen,  each 
bearing  many  of  the  characteristic  teeth  arranged  in  natural  order« 
I'here  are  four  seiies,  and  one  small  displaced  tooth  (probably 
l>elonging  to  the  fifth  series),  on  the  left  of  the  large  median  series  in 
^the  lower  jaw ;  while  in  the  upper  jaw  the  teeth  are  clearly  arranged 
in  six  paired  series.  The  specimen  proves  that  the  peculiarly 
effective  disposition  characteristic  of  the  living  Myliobatidas  had 
not  been  assumed,  but  that  PtyehoduB  more  nearly  resembled  tbQ 
Trygonidfio  in  its  jaws.  The  probable  explanation  of  the  new 
-discovery  is,  that  in  the  Oretaceous  Period  the  great  rays  of  the 
'  fappiilies '  Myliobatidad  and  Trygonidas  had  not  become  fully 
differentiated.  Professor  Jsdkel  has  already  arrived  at  a  similar 
conclusion  from  general  considerations,  and  has  proposed  to  place 
■all  these  fishes  in  one  comprehensive  family,  termed  Centrobatidso. 
If  this  arrangement  be  adopted,  PtyehoduB  represents  a  primitive 
sub-family,  which  still  awaits  definition  from  lack  of  complete 
specimens;  while  the  Trygoninas,  Myliobatinas,  and  Ceratopterino 
are  equivalent  sub-families  which  survive  at  the  present  day. 

(2)  "  On  the  Igneous  Rocks  at  Spring  Cove,  near  Weston-super- 
Mare."     By  William  S.  Boulton,  Esq.,  B.Sc.,  A.R.C.S.,  F.G.S. 

A  traverse  from  end  to  end  of  the  exposure  at  the  locality  shows 
that  the  '  basalt- mass  '  varies  in  structure  and  appearance,  and  that 
it  is  by  no  means  a  simple  lava-flow.  It  may  be  rougbly  divided 
into  three  portions.  Beginning  at  the  cliff  end  to  the  north,  the 
rock  for  the  first  30  yards  is  a  pillowy  basalt,  with  tuff  and 
limestone  often  occupying  irregular  spaces  between  the  spheroids 
of  amygdaloidal  basalt ;  then,  for  about  20  yards,  the  rock  is  mainly 
a  coarse  'agglomerate,'  with  lapilli  and  bombs  of  basalt  and  lime- 
6tone ;  while  the  remaining  100  yards  or  so  is  an  ordinary  basalt- 
ooulee,  with  very  few  and  always  small  lumps  of  burnt  limestone. 
The  limestone  below  is  reddened  and  altered,  and  although  tuffy- 
looking,  does  not  contain  indubitable  lapilli ;  the  limestone  above 
-contains  lapilli.  The  pillowy  basalt  probably  represents  a  river 
of  agglomeratic  material  carrying  finer  lapilli,  larger  and  plastic 
i^iassesof  sconaceous  basalt,  and  lumps  of  limestone,  possibly  ejected 
from  a  vent.  The  intervening  tuff  may  present  an  analogy  with 
the  *  volcanic  sand '  of  the  West  Indian  eruptions.  There  is  no 
evidence  of  the  quiet  deposition  of  ashy  material,  but  rather  of  the 
tumultuous  aggregation  of  a  fluxion-tuff  taking  place  imder  some 
Klepth  of  sea- water.  The  large  and  irregular  fragments  of  limestone, 
oolitic  and  fossiliferous,  found  mainly  in  the  lower  part  of  the 
'basalt-mass,  have  not  come  in  from  above  through  cracks  in  the 
Inva,  but  seem  to  have  been  picked  up  while  in  a  soft  and  powdery 
state  from  the  sea-bed  in  which  it  had  been  accumulating,  and  to 
have  been  involved  with  and  altered  by  the  volcanic  materiaL  The 
•oondition^  existing  in  submarine  flows  appear  to  be  very  like,  those 
in  a  sill  or  intrusive  sheet. 
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e;— Febiihary  3rd,  1904.  —  Sir  AffobiUld  GeiWici,  D.'O-LJ,'  D.Sc; 
Sec.  R.S.,  Vioe-Pregident,  in  the  Oliair.  The  following  com -^ 
munioatious  were  read : — 

(1)  **  On  a  Deep-Sea  Deposit  from  ftii  Artesian  Boring  ^t  Kilaclif  li, 
near  Madras."     By  Professor  H.  Narayana  Ran,  M.A.,  F.G.S. 

The  Village  of  Eilacberi  is  about  'six  miles  due  spiith  of  flie 
railway  station  of  Kadambatlur.  Here  permeable  beds  of  sandstone- 
knd  felspatbio  grits  dip  at  low  angles  seaward,  and  are  overlain  by 
impervious  clays  and  shales.  The  boring,  after  penetrating  the 
upper,  clays  and  sandstones,  passed  through  carbonaceous  shales, 
and  at  a  depth  of  about  400  feet  reached  a  blue  homogeneous  rock^ 
effervescing  with  acid  and  showing  radiolarian  tests  under  the 
microscope.  .Mo^t  of  the  latter  display  the  inner  reticulate  structure 
tti  thin  sections,  and  some  of  them,  when  isolated,  show  radiatit^ 
spines  as  well ;  they  are,  however,  not  capable  of  specific  determi- 
nation. One  or  two  specimens  of  foraminifera  have  also  been  seen: 
The  deposit  miderlies  beds  of  the  Upper  Gondwana  Stage.  The  bed 
also  contains  palagonite,  volcanic  glass,  pumice,  mineral  fragments 
-(snob  as  plagioclase,  quartz,  augite,  and  possibly  hornblende),  and 
black  metallic  spherules  of  iron  and  manganese.  The  last  some- 
times partly  fill  the  radiolarian  tests,  and  sometimes  encrust  the 
pamioe  and  palagonite ;  they  give  the  manganese  reaction  with 
'a  borax-bead.  The  author  conclade^i  that  the  deposit  is  of  truly 
abysmal  origin,  similar  to  those  described  in  the  **  Challenger  '* 
Beports;  and  he  points  out  the  remarkable  interest  of  such  an 
occurrence  in  Peninsular  India,  a  region  which  appears  to  have  been' 
a  land-area  since  Palssozoic  times.  ' 

(2)  "The  Rhsetic  Beds  of  the  South  Wales  Direct  Line."  By 
Professor  Sidney  Hugh  Reynolds,  M.A.,  P.G.S.,  and  Arthur 
Taughan,  Esq.,  B.A.,  B.Sc,  F.G.S. 

After  a  reference  to  the  literature  of  the  subject  the  following 
exposures  are  described:  the  Stoke  Gifford  and  the  Lilliput  or 
Chipping  Sodbury  sections.  From  the  first  section  the  Bone-bed  is 
completely  absent.  The  beds  here  rest  upon  tea-green  marl,  and 
are  covered  by  the  Cotham  Marble.  A  section  to  the  east  of  Lilliput 
Bridge  shows  two  large  rounded  hummocks  of  PalsBozoic  rock 
projecting  into  the  RhsBtic,  and  in  both  cases  the  Black  Shale 
IS  deposited  on  it  in  an  arched  manner,  forming  an  anticline  of 
cfeposition.  There  is  also  a  very  rich  Bone-bed  at  the  base,  which 
is  not  uniformly  distributed.  The  upper  beds  correspond  with 
those  of  Stoke  Gififord.  In  correlating  these  rocks  with  those  of 
neighbouring  areas,  a  table  of  general  sequence  is  given,  in  which 
the  Lower  Rlisetic  is  divided  into  three  and  the  Upper  into  two 
stages,  whicb  are  correlated  with  the.  notation  of  Richardson  and 
Wilson.  This  is  followed  by  a  range-table  of  the  typical  Rhsetic 
mollusca:  Gardium  rhaticnm  and  C.  cloacinnmy  Schizodus  Ekoaldiy 
Teeten  valaniensiSf  ^nd  Avicula  contoria,  Pal89ontological  notes  on 
tbe  invertebrata  and  vertebrata  follow.  New  species  of  Anomia. 
Plitatnia,  Modiola,  and  Cardivia  are  described  ;    notice  is  given  of 


Digitized  by  VjOOQ  IC 


142  Our^qamdenee — Bibliographer. 

other  Bhaotio  moUasoa ;  and  n  range-table  is  appended  of  the 
oommoneet  moUueoa  that  oooar  at  Sodbnrj  and  Stoke  Gifford. 
The  reptiles,  amphibia,  and  fishes  referred  to  are  all  known  species. 
A  general  aooount  is  given  of  the  distribution  of  the  Bone*bed 
in  the  Bristol  district.  In  Somerset,  except  at  Emborough  and 
Watohet,  no  true  Bone-bed  has  been  recorded;  in  the  district 
ammediately  north  of  Bristol  there  is  a  single,  well-marked  Bone- 
bed  at  the  base  of  the  Black  Shale  series,  or  very  slightly  above  it ; 
while  in  the  Gloucester  district  the  principal  Bone-bed  tends  to  lie 
at  a  greater  distance  from  the  base  of  the  Black  Shales.  For  these 
reasons,  the  authors  think  that  the  principal  Bone-beds  in  the 
various  sections  cannot  be  regarded  as  homotaxial  equivalents. 


II. — MiMBRALOGioii.  SooiBTY,  Feb.  2nd,  I904u— Dr.  Hogo  MuUer, 
F.B.S.,  President,  in  the  chair.  Mr.  Harold  Hilton  contributed 
a  paper  on  the  Gnomontc  net  This  net  consists  of  lines  giving 
«qual  longitudes  and  latitudes  for  every  ten  degrees  on  a  plane 
touching  a  point  on  the  equator,  the  former  being  hyperbolas  and 
the  latter  straight  lines.  The  author  pointed  out  how  the  net  could 
be  used  for  the  graphical  determination  of  angles  between  poles  on 
the  sphere. — Mr.  G.  T.  Prior  described  a  new  sulphostannite  of  lead 
from  Bolivia,  to  which  he  gave  the  name  Teal  lite,  in  honour  of  the 
Director  of  the  Geological  Survey.  The  mineral  in  its  graphite-like 
appearance  resembles  franckeite  and  cylindrite,  but  differs  from 
them  in  not  containing  antimony.  It  has  the  simple  formula 
Pb  Su  Sj,  and  is  orthorhombic  with  angles  e  (001)  A  o  (1I1)«62^, 
hC  (001)  ^p  (221)  =  75^  and  m  (110)  A  m'"  (ifO)  =  86^  It  has 
a  perfect  cleavage  parallel  to  c  (001),  and  a  specific  gravity  of  6*36. 
In  connection  with  the  investigation  of  this  mineral,  new  analyses 
were  made  of  franckeite  and  cylindrite. — Mr.  W.  F.  Ferrier  gave  an 
account  of  his  discovery  of  deposits  of  corundum  in  Canada;  and 
Professor  H.  A.  Miers  described  a  visit  to  the  Rashleigh  OoUeotton 
-of  Minerals  now  deposited  in  the  Museum  of  the  Royal  Institution 
of  Cornwall  at  Truro. 

ooi^i^ESiPOisrjDjsiifroE. 


MR.  A.  G.  M.  THOMSON'S  BOOK  ON  THE  OLD  RED  SANDSTONE. 
Sib, — Without  dissenting  from  the  opinions  expressed  by  your 
Reviewer  (this  vol.,  p.  84,  Feb.),  may  I  suggest  that  the  expression 
of  them  is  not  quite  fair  ?  You  give  the  name  of  John  Leng  &  Co., 
Dundee,  as  that  of  the  publishers,  and  you  "  can  only  wonder  why 
such  a  work  has  been  published."  I  have,  however,  the  highest 
authority  for  stating  that  the  work  has  not  been  published,  but 
distributed  privately,  as  a  gift  by  the  author,  while  Messrs.  Leng 
are  only  the  printers.  It  seems  to  me  that  the  proper  way  to  treat 
unpublished  communications  is  to  ignore  them  :  if  such  a  course  be 
agreeable  to  the  author,  well  and  good  ;  but  if  it  is  not  agreeable  to 
liim — so  much  the  better !  Bibuogbaphsb. 
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ABSENCE  OP  ZSPU8  EUROPjEUS,  PALLAS,  PEOM  BEITISH 
PLEISTOCENE  DEPOSITS. 

SiBy — Having  had  an  opportuoity  of  examining  the  remains  of 
Hares  from  the  Pleistooene  of  this  oountry,  preserved  in  the  Natural 
History  Museum,  I  find  that  all  the  specimens  which  are  deter* 
minable,  including  the  originals  of  Buckland's  and  Owen's  figured 
specimens,  belong  to  the  Mountain  Hare  {Lepm  Umidu$f  L.),  there 
being  no  evidence  of  the  common  Hare  {Lepus  europaui,  Pallas). 
In  consequence,  I  am  inclined  to  assume  that  the  latter  has  been 
introduoed  into  this  country  by  man,  possibly  as  late  as  the  Roman 
period.  I  ask  you  kindly  to  give  publicity  to  this  letter  in  the  hope 
ihat  if  there  is  conclusive  evidence  of  Pleistooene  remains  of  the 
ZepuB  €uropauB  in  some  public  or  private  collection  it  may  be 
forthcoming.  0.  I.  Fobstth  Majob. 


WILLIAM  VICARY,  F.Q.S. 
BoBK  July  26,  1811.  Dibd  0ctobb&  22,  1909. 

WiLUAK  YiOABT  was  bom  in  1811  at  Newton  Abbot  in  Devonshire. 
Early  in  life  he  removed  to  North  Tawton,  where  he  started  business 
as  a  tanner,  and  with  so  much  success  that  he  retired  in  1856  and 
removed  to  Exeter,  where  he  resided  for  the  remainder  of  his  long 
life.  He  was  one  of  the  founders  of  the  Devonshire  Association, 
<established  in  1862,  and  an  original  contributor  to  Symons' 
"  British  Rainfall,"  the  first  volume  of  which,  for  the  year  1860, 
was  published  in  1861.  He  was  elected  a  Fellow  of  the  Geological 
-Society  of  London  in  1864.  Mr.  Yicary  was  an  enthusiastic 
collector  of  fossils,  and  his  museum  was  especially  rich  in  the 
ibssils  from  the  Upper  Greensand  of  the  Haldon  and  Blackdown 
Hills.  He  is  best  known  to  geologists  by  his  discovery  of  fossils 
in  the  quartzite  *  popples '  of  the  Triassic  pebble«bed  of  Budleigh 
Salterton.  The  fossils  were  described  and  figured  by  Salter  in 
4k  joint  paper  brought  before  the  Geological  Society,  while  Salter 
dealt  more  generally  with  the  subject  in  the  first  Original  Article 
published  in  the  Gboloqioal  Magazine  (July,  1864).  The  species, 
all  new  to  British  geology,  were  identified  with  forms  found  in  the 
older  rocks  of  Normandy,  some  belonging  to  the  Oris  Armoricain 
(Arenig  group).  Mr.  Yicary's  valuable  collection,  embracing  a  large 
number  of  type-specimens,  was  bequeathed  by  him  to  the  Natural 
History  Museum,  Cromwell  Road. 

1864.  **  On  the  Pebble-bed  of  Budleigh  Salterton"  ;  with  a  Note  on  the  Fossils 

by  J.  W.  Salter :  Quart.  Joum.  Geol.  Soc.,  rol.  xx,  p.  283. 

1865.  **  On  the  Feldspathio  Traps  of  Devonshire*' :  Trans.  Devon  Assoc.,  vol.  i, 

p.  43. 
1867.     "  On  the  Source  of  the  Murchisonite  Pebbles  and  Boulders  in  the  Triassic 

Conglomerates  of  Deronshire  '* :  Trans.  Devon  Assoc.,  vol.  ii,  p.  200. 
i872.     **  FoaBil  Coral  allied  to  ^erulina  (Ehrenberg),  from  the  Upper  Greensand  of 

Haldon  Hill,  near  Exeter  *' :  Ann.  &  Mag.  Nat.  Hist.,  ser.  iv,  voU  ix, 

p.  84. 
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Ui  Ohituanj—  W.  D.  Crick— E,  J,  Chapman, 

^      '  WALTER    DRAWBRIDGE   CRICK,    F.G.S. 
BoRx  December  15,  1857.  Died  December  23,  1903. 

'Bif  the  death  of  Mr.  W.  D.  Crick,  of  Northampton,  geoiojjpeaP 
Roienee  baa  lost  an  earnest  and  amiable  local  worker.  Bom  nt 
Hanslope,  in  BuckinghamBhire,  he  was  educated  for  a  business- 
dareisr,  ancl  became  in  1880  a  partner  in  the  firm  of  Latimer,  Crick, 
and  Co.,  manufacturers,  in  Northampton.  His  interest  in  geology 
and  natural  science  in  general  was  aroused  by  Mr.  Beeby  Thompson, 
F.G;S..  who  was  then  headmaster  at  the  old  Science  School  at 
N^thampton.  Together  they  noted  the  strata  and  collected  the 
fbsstls  of  the  Lias  and  Oolites  for  many  a  mile  around  ^he  town.. 
One  new  species  from  the  Upper  Lias  of  Hey  ford  was  namfnl- 
Mathilda  Crieki  by  Mr.  Hudleston,  and  another  from  the  Middle 
Liad'  of  Daventry  was  named  Trochus  Crieki  by  Mr.  E.  Wilson; 
Mr.  Crick  took  up  the  special  study  of  Foraminifera,  and  was 
locally  the  best  authority  on  this  subject  We  are  indebted  for 
these  particulars  to  an  Obituary  by  Mr.  B.  Thompson,  Journ. 
Northamptonshire  Nat.  Hist  Soc.  (1903),  xii,  134  (with  portrait). 
He  was  author  or  joint  author  of  the  following  geological  papers  : — 
1883.     **  Notes  on  the  Geology  of  Wymington  Tunnel "  :   Journ.  Northamptonshire 

Nat.  Hist  Soc,  ii,  272.  ' 
1887.     *' Note  on  some  Foraminifera  from  the   Oxford  Clay  at  Keyston,   near 

Thrapston":  ibid.,  iv,  233. 
1889.     **The  Lias  Marlstone  of  Tilton,  Leicestershire"  (with  E.  Wilson) :   Geul.. 

Mao.,  Dec.  Ill,  Vol.  VI,  296,  337. 
1891,  1892.     **0n  some  Liasj*ic  Foraminifera  from  Northamptonshire  **  (with  C.  I). 

Sherbom):  Journ.  Xorthamptonsliire  Nat.  Hist.  Soc.,  vi,  208;  vii,  67. 

E.  J.  CHAPMAN.  LL.D.,  Ph.D. 
We  notice  the  death  on  the  28th  of  January  at  The  Pines,  Hampton 
Wick,  of  Mr.  E.  J.  Chapman,  LL.D.,  Ph.D.,  who  was  formerly 
prpfessor  of  mineralogy  and  geology  at  the  University  of  Toronto., 
The  Canadian  Journal  of  Indmtry,  Science,  and  Art,  of  which,  during 
the  fifties  and  sixties,  he  was  general  editor,  contains  a  large  number 
of  his  notes  and  papers.  Among  these  may  be  mentioned  "A  New 
Species  of  Agelacrinites  {A.  Billingsii),"  "  Rib- formulae  in  Brachio- 
pods,*'  and  *'  A  Popular  Exposition  of  the  Minerals  and  Geology  of 
Canada,"  which  was  subsequently  revised  and  republished  as  an 
independent  work.  He  is  also  responsible  for  one  of  the  many 
classifications  of  the  Crinoidea. 


Pbogkkss  of  thb  Minebalogioal  Survey  of  Cbtlon. — We  learn^ 
from  a  correspondent  in  Kandy,  Ceylon>  under  date  2nd  February, 
1904,  that  a  new  room  has  recently  been  set  apart  in  the  Colombo 
Museum  as  a  Mineral  Gallery,  and  has  been  arranged  by  A.  K. 
Coomaraswamy,  Director,  and  James  Parsons,  Assistant  Director  of 
the  Mineralogical  Survey  of  Ceylon.  The  exhibit  is  formed  entirely 
oi  Ceylonese  rocks  and  minerals  ;  a  large  part  of  the  specimens  has 
been  collected  by  the  two  officers  of  the  Mineral  Survey.  Diagrams 
and  geological  photographs  find  a  place  upon  the  walls.  Two  wall- 
oases  are  devoted  to  economic  specimens,  amongst  which  a  series 
illustrating  the  manufacture  of  iron  and  steel  by  the  Sinhalese  (now 
quite  given  up)  is  of  special  interest 
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L — A   ReTHOSPECT  of   PALiBONTOLOGY   IN   THB   LAST    POBTY    YbABB. 

(Concluded  from  the  March  Kumber^  p.  106.) 

Rbptiua  XT  Ayes. — Our  two  greatest  Anatomists  of  the  past 
century,  Owen  and  Huxley,  both  contributed  to  this  section  of  our 
palsBOzoological  record.  Owen  (in  1865)  described  some  remains  of 
a  small  air-breathing  vertebrate,  Anthraherpeton  crassoBteum,  from  the 
Ooal-shales  of  Glamorganshire,  corresponding  with  those  described 
by  Dawson  from  the  Coal-measures  of  Nova  Scotia ;  and  in  1870  he 
noticed  some  remains  of  Plesiosaurus  Soodii  (Owen)  from  New 
Zealand,  possibly  of  Triassic  age. 

Huxley  made  us  acquainted  with  an  armed  Dinosaur  from  the 
Ohalk-marl  of  Folkestone,  allied  to  Scelidosaurus  (Liassic),  Bylao- 
Mwrtia  and  Tolacanthus  (Wealden),  the  teeth  and  dermal  spines  of 
which  he  described  and  figured  (1867),  and  in  the  following  year 
he  figured  and  determined  two  new  genera  of  Triassic  reptilia, 
8auro8teman  Bainii  and  Friaterodon  McKayiy  from  the  Dicynodont 
beds  of  South  Africa. 

B.  Btheridge  recorded  (in  1866)  the  discovery  by  Dr.  B.  P. 
Wright  and  Mr.  Brownrig  of  several  new  genera  of  Labyrinthodonts 
in  the  Coal-shales  of  Jarrow  Colliery,  Kilkenny,  Ireland,  com- 
municated by  Huxley  to  the  Royal  Irish  Academy,  an  account  of 
which  appeared  later  on  in  the  Obolooioal  Magazine  in  the  same 
year  by  Dr.  E.  P.  Wright  (p.  165),  the  genera  given  being 
Uroeordylua,  Ophiderpeton,  Ichthyerpeton,  Keraterpeton,  Lepterpeton, 
and  Anthracosaurtu,  Besides  these  genera  there  were  indications 
of  the  existence  of  several  others  (not  described),  making  at  that 
time  a  total  of  thirteen  genera  from  the  Carboniferous  formation  in 
general. 

In  1872  the  distinguished  Canadian  geologist,  Professor  Sir  Wm, 
DawBOD,  gave  an  account  of  and  figured  Sauroptu  unguifer,  being  the 
footprints  of  an  unknown  labyrinthodont  reptile  from  the  Carbon- 
iferous Q^ndstone  of  Nova  Scotia;  and  in  1891  he  announced  in  two 
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separate  papers  the  discovery  of  new  specimens  of  DendrerpeUm 
acadianum  and  JETylonomus  Dawsoni  from  the  South  Joggins  Coalfield, 
Nova  Scotia. 

Our  old  friend  William  Davies  gave  an  account  (in  1876)  of  the 
exhumation  and  working  out  of  a  large  Dinosaurian,  named  by  Owen 
OmosauTM  armatus,  from  the  Kimmeridge  Clay  of  Swindon,  Wilts. 
This  specimen  is  preserved  in  the  Natural  History  Museum,  Cromwell 
Road,  and  is  a  good  example  of  the  heavy  vegetable-feeding  land 
reptiles  of  the  Jurassic  period.  In  1880  he  described  the  remains  of 
an  Upper  Miocene  Ostrich  from  the  Siwalik  Hills,  India. 

Professor  Prestwich  (1879)  recorded  the  discovery  of  a  species  of 
Iguanod(m  in  the  Kimmeridge  Clay  near  Oxford.  In  the  same  year 
B.  T.  Newton  described  Emys  lutaria  from  the  fluviatile  deposit 
at  Mundesley  on  the  Norfolk  coast ;  an  Iguanodont  tooth  from  the 
'Totternhoe  Stone'  at  Hitchin;  ''British  Pleistocene  Yertebrata 
in  Britain  "  (1891) ;  and  Dioynodont  and  other  reptiles  from  the  Elgin 
Sandstone.  He  noticed  the  occurrence  (1883)  of  the  Bed-throated 
Diver,  Colpmhus  ieptentrionalis,  at  Mundesley. 

W.  H.  Twelvetrees  (1882)  figured  some  Theriodont  reptilian 
teeth  from  the  Permian  of  Russia ;  this  formation  quite  lately  has 
yielded  a  marvellous  series  of  remains  to  Professor  Amalitzky,  of 
Warsaw.  Professor  A.  Liversidge  gave  (in  1880)  an  analysis  of 
Moa  egg-shell  from  New  Zealand.  So  long  back  as  1864  the 
veteran  anatomist,  W.  E.  Parker,  made  some  important  remarks 
on  the  skeleton  of  Arehaopteryx.  He  pointed  out  that  although  this 
primitive  bird  had,  in  the  adult  state,  21  caudal  vertebr»,  a  recently 
natched  duckling  possesses  22  caudals  if  we  count  the  fifth  post- 
femoral  as  the  first  of  the  caudal  series ;  so  that,  after  all,  this  large 
number  of  free  caudals  is  only  an  embryonal  character  retained  in 
the  adult. 

The  late  Professor  O.  0.  Marsh,  of  Yale  College,  New  Haven, 
Oonnecticut,  who  died  in  1899,  was  for  23  years  a  contributor  to  the 
pages  of  this  journal,  and  a  very  constant  visitor  to  this  country ; 
indeed,  from  his  return  after  his  student  days  in  1864  to  the  end  of 
his  life  he  was  a  familiar  figure  in  the  British  Museum  and  at  the 
meetings  of  our  scientific  societies. 

In  1876  Marsh  contributed  a  paper  on  birds  with  teeth 
(Odontornithes)  from  the  Cretaceous  of  Kansas.  The  most  interesting 
is  perhaps  the  Hesperomig  regalia,  a  gigantic  diver.  The  brain  was 
quite  small ;  the  maxillary  bones,  which  were  stout,  had  throughout 
their  length  a  deep  inferior  groove  thickly  set  with  sharp  pointed 
teeth.  The  vertebrsd  were  like  those  of  recent  birds.  The  sternum 
was  without  a  keel,  and  the  wings  were  quite  rudimentary.  It  has, 
in  fact,  been  described  as  a  swimming  ostrich.  In  Ichthyonn$  the 
teeth  were  in  distinct  sockets,  the  vertebraa  were  biconcave;  the 
sternum  possessed  a  keel ;  and  the  wings  were  well  developed  for 
powerful  flight. 

In  1881  Marsh  wrote  on  the  structure  of  the  skeleton  in  the 
Arehaopteryx,  and  pointed  out  the  many  interesting  features  in  whioh 
this  earliest  known  bird  approaches   to  the  reptilian  type  and 
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•Mpeoidly  to  the  Dioosanria.  In  1882  he  proposed  a  olassifioatioa 
of  the  Dinosaaria  whioh  (with  some  modifioations)  is  still  followed 
by  palsozoologists. 

In  the  same  year  this  aathor  discussed  the  wings  of  Prerodactyls» 
basing  his  remarks  on  the  specimen  disooTered  at  Eichstadt,  Bavaria, 
in  1873.  This  long-tailed  form,  named  BhamphorhifnchM  phylluru9 
by  Marsh,  has  both  the  wing  membranes  preserved,  and  shows  that 
the  long  stiff  tail  had  a  broadly  expanded  extremity  like  the  blade 
of  a  paddle,  whioh  was  evidently  used  as  a  rudder.  We  have 
a  similar  form  named  Dimorphodon,  whioh  was  obtained  from  the 
Lias  of  Lyme  Regis  (see  1870,  p.  97,  PI.  IV).  In  1884  Marsh 
figured  and  described  the  skull  of  the  great  ioothleis  American 
Pterodactyl  from  the  Chalk  of  Kansas  (named  Fteranodon),  with 
a  skull  a  yard  in  length,  and  wings  having  an  expanse  of  about 
18  feet  across  ! — as  large  as  our  great  toothed  Plerodaetylus  Cuvieri 
and  P.  giganteus  from  the  Engli^  Ohalk  of  Burham,  Kent. 

He  also  (1884)  named  Diplodocus  longus,  a  new  Jurassic  Dinosaur, 
from  Canon  City,  Colorado,  giving  figures  of  the  skull,  teeth,  etc 
It  possessed  one  of  the  most  remarkable  heads  of  this  singular  group 
ef  land  reptiles  and  the  weakest  possible  dentition,  the  teeth  being 
entirely  confined  to  the  front  of  the  jaws  and  of  simple  slender 
peg- like  form,  and  they  must  have  been  easily  detached  from  their 
shallow  sockets.  The  nasal  opening  was  at  the  apex  of  the  cranium, 
and  the  brain  was  of  the  very  smallest  dimensions  possible* 

Then  followed  an  account,  with  figures,  of  various  other  new 
forms  of  Jurassic  Dinosaurs — Allosaurui,  CcBlurus,  Lahro$auru8,  and 
Geratoiaurus,  These  were  all  carnivorous  fotms  (Theropoda),  the 
last-named  being  near  to  our  own  Megaloiaurus,  the  teeth  and 
claws  both  displaying  their  predaceous  character.  Allosaurus  had 
•extremely  diminutive  fore-limbs  and  long  slender  hind  ones,  adapted 
evidently  for  springing  upon  its  quarry. 

Passing  from  these  lithe  and  active  beasts  of  prey,  we  come 
{in  1888)  to  one  of  quite  another  character,  namely,  Marsh's 
Slegoaaurua,  a  huge  plated  lizard  of  the  Jurassic  period.  It  had 
the  smallest  brain  of  any  known  land  vertebrate.  All  its  bones 
were  solid,  the  vertebvsB  biconcave.  Its  body  was  defended  by 
a  row  of  twelve  flattened  dorsal  bony  plates,  the  largest  being 
nearly  four  feet  in  height  and  of  equal  length;  with  four  pairs 
of  sharply  pointed  spines  fixed  erect  like  bayonets  on  the  caudal 
vertebrae.  A  restoration  was  given  by  Marsh  of  this  huge  herbivore 
in  189L 

A  further  comparison  of  the  principal  forms  of  Dinosauria  of 
Europe  and  America  was  given  by  Marsh  in  1889,  in  whioh  he 
4e6ned  the  group  Sauropoda  or  lizard-footed  forms.  Many  of 
these  are  known  in  Europe  as  well  as  America,  but  here  they  are 
more  fragmentary.  A  large  part  of  one  has  just  been  set  up  from 
the  Oxfordian  of  Peterborough,  whilst  limb-bones  of  Cetioaaurus  (as 
large  as  those  of  AUantoaaurua)  may  be  seen  in  the  Oxford  Museum 
And  in  the  British  Museum  (Natural  History),  London.  The  section 
Stsoobaubia  is  represented  by  Omoiauru$,  from  Swindon;  HyUeO' 
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$auru8,  Wealden ;  Polacanthus,  AcanthophoUs,  and  ScelidoBaurus  (all 
British  forms)  belong  to  the  arrnoared  Dinosaurs. 

The  section  of  the  great  bird-footed  Obnithopoda  is  well  represented 
by  Iguanodon  and  its  allies  in  this  country  and  in  Belgium,  while 
that  of  the  Thbropoda  was  known  here  by  Megalosaurus  since  the^ 
days  of  Buckland  (1824). 

In  1890-91  Marsh  brought  before  the  public  his  gigantia 
CBBATOPSiDiB,  homcd  Dinosaurs,  with  skulls  of  marvellous  form, 
nearly  6  feet  from  the  tip  of  the  pointed  snout  to  the  edge  of  the^ 
huge  bony  frill  which  expanded  between  3  and  4  feet  in  breadth, 
like  an  immense  Elizabethan  collar,  over  the  creature's  neck  behind. 
The  skull  had  three  horns,  two  over  the  orbits  and  one  on  the  nasal 
bone  (hence  the  generic  name  Triceratopa) ;  the  jaws  had  sharp 
homy  beaks  in  front  and  two-fanged  molar  cheek  teeth.  It  had 
besides  a  covering  of  dermal  armour. 

An  interesting  investigation  as  to  the  makers  of  the  footprints,  sa 
long  attributed  to  DinomiaAlke  birds,  met  with  upon  the  slabs  of 
fine-grained  sandstone  in  the  Connecticut  valley,  resulted  in  the 
discovery  by  Marsh  of  a  small  light-footed  Dinosaur  named  Anchi- 
saurus  eolurm,  a  little  over  4  feet  in  height,  which,  although  not 
tridactyle,  only  impressed  three  of  its  four  toes  on  the  wet  sands  in 
running,  touching  the  tip  of  the  nail  only  of  the  fourth  toe  on  the 
ground.  The  restoration  of  this  early  Dinosaur  in  1893  is  accom- 
panied by  two  others,  a  large  carnivorous  form  like  our  Megalonaurus, 
the  CeratosauruB^  ViXkdi  a  bird-footed  and  beaked  form,  Claosanrus,  near 
to  our  Iguanodon,  with  which  it  also  agrees  in  size. 

A  restoration  of  Camptosaurua  dispar  from  the  Upper  Jurassic 
of  Wyoming  appeared  in  1894,  also  footprints  of  Coal -measure 
Labyrinthodonts  from  Kansas.  Other  restorations  of  European 
genera  were  continued  to  be  published  in  1896.  First  and  smallest 
of  all  these  is  the  Compsognathus  longipes^  Wagner,  preserved  on  » 
slab  of  Lithographic  Stone  from  Bavaria.  Next  follows  Sceltdosaurus 
Harrisoni  (Owen)  from  the  Lias  of  Charmouth.  Then  another  very 
small  Dinosaur  named  Hypsilophodon  Foxii  (Huxley)  from  the 
Wealden  of  the  Isle  of  Wight,  and  Iguanodon  Bernissartenais  from 
Belgium. 

These  were  followed  by  a  final  classification  of  the  Dinosaui^s^ 
with  twelve  beautifully  executed  figures,  and  a  note  on  the  Sauropoda 
which  appeared  in  1899.  Marsh  gave  the  results  in  1898  of  his 
visit  to  St  Petersburg,  Moscow,  Vienna,  Mimich,  Paris,  Caen, 
Havre,  and  London,  and  additional  notes  on  Dinosaurian  remains 
seen  during  his  tour. 

Professor  H.  G.  Seeley  wrote  in  1881  on  the  Ornithosaurians  of 
the  Cambridge  Greensand ;  in  1895  on  Pareiasaurus  Baini  from 
the  Karoo  formation  (Trias)  of  Cape  Colony,  obtained  by  him  in 
1889  at  Bad,  near  Tamboer-Fontein ;  the  most  perfect  Anomodont 
reptilian  skeleton  then  known,  only  equalled  by  the  specimens 
recently  discovered  by  Professor  Amalitzky  in  the  Trias  of  Russia. 
In  1898  Seeley  described  two  RhaBtic  Dinosaurs,  Avalonta  SanfordS 
and  Picrodon  Serveyi,  from  Wedmore  Hill,  Somerset ;   and  in  the 
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«i^me  year  the  skull  of  a  Triassio  Anomodont  (Oudenodon  pilheeops), 
a  small  toothless  reptile  obtained  by  Mr.  McKay,  of  East  London, 
iFrom  the  Dicynodont  Beds  of  Cape  Colony.  In  1881  Seeley  gave 
an  account  and  figure  of  the  Berlin  Arehaopteryx,  and  discussed  the 
affinities  of  this  second  example  of  long-tailed  Oolitic  bird  when 
tx)nipared  with  the  original  example  in  the  British  Museum  (Natural 
History),  obtained  in  1861. 

Henry  Woodward  described  and  figured  Iguanodon  ManteUi  in 
1885,  and  Iguanodon  Bemissartensis  in  1895;  he  gave  in  1885  an 
account  of  ''  Wingless  Birds,"  recent  and  fossil,  with  their  charaoterSy 
species,  and  distribution,  both  geographically  and  geologically. 

Arthur  Smith  Woodward  gave,  in  1885,  an  excellent  summary 
of  the  literature  and  nomenclature  of  British  fossil  Crocodilia» 
with  a  table  of  genera  and  species.  In  1891  he  noticed  a  tooth 
of  an  extinct  Alligator  from  the  Danian  of  Ciply,  Belgium; 
a  Microsaurian  (Hylonomus  Wildi)  from  the  Burnley  Coalfield^ 
Lancashire;  and  noted  the  occurrence  of  Pseudotrionyx  from  the 
Bracklesham  Beds.  In  1897  he  figured  and  described  Stereostemum 
lumidum,  a  small  lizard-like  Triassio  reptile  from  San  Paulo, 
Brazil,  related  in  some  undetermined  way  to  the  ancestry  of  the 
Plesiosauria ;  and  a  new  specimen  of  Ceraterpeton  Galvani  from 
the  Coal-measures,  Kilkenny,  Ireland. 

In  1887  Q.  A.  Boulenger  wrote,  with  R.  Lydekker,  some  notes 
on  Chelonia  from  the  Purbeck  Beds  and  London  Clay. 

E.  Lydekker,  in  the  same  year,  wrote  on  Crooodilians  from 
Hordwell  and  other  species  from  the  Wealden,  etc.  He  also  published 
a  note  on  Hylaochampsa,  In  1888  he  published  notes  on  Tertiary 
Lacertilia  and  Ophidia,  and  discussed  their  affinities ;  he  also  wrote 
on  the  classification  of  the  Ichthyopterygia ;  quoting  from  the 
late  Sir  William  Flower  in  favour  of  the  restriction  of  generic 
terms,  and  urging  that  their  multiplication  tends  to  make  us  lose  sight 
of  the  mutual  relationship  of  allied  forms,  a  view  in  which  the  author 
then  fully  agreed,  but  subsequently  he  appeared  rather  to  favour 
the  creation  of  new  species,  not  merely  in  extinct,  but  in  recent 
forms  of  life.  If  a  small  fee  for  registration  had  to  be  paid  for  every 
new  name  proposed  to  be  introduced  into  currency,  and  a  large  one 
imposed  on  the  alteration  of  old  and  well-established  names,  in 
order  to  replace  them  by  some  lost  or  unknown  name  unearthed 
from  the  dusthole  of  the  past,  zoology  would  be  greatly  the  gainer, 
and  much  time  might  be  saved  with  advantage  and  devoted  to 
really  useful  scientific  work.  Lydekker  gave  some  interesting 
notes  on  Sauropterygia  from  the  Oxford  andKimmeridge  Clay,  from 
the  Leeds  Collection  at  Eyebury.  He  does  some  useful  *  lumping ' 
of  species  established  upon  insufficient  data,  and  mentions  a  delight- 
ful case  in  which  a  newly  described  Plesiosaurus  presented  some 
very  striking  peculiarities  in  its  skeleton,  arising  from  the  simple 
mistake  made  by  the  author,  who  had  placed  the  head  on  the 
oxtremity  of  the  tail — the  so-called  cervicals  being  indistinguishable 
from  the  caudals  of  other  forms.  B.  Lydekker,  in  1889,  recorded 
some  remains  of  a  new  Coeluroid  Dinosaur  from  the  Wealden  of 
ihe  Isle  of  Wight,  which  he  named  Calamospondylus  Foxi. 
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Bonlenger  and  Lydekker  oalled  attention  to  a  curious  case  of 
''the  tinsoientific  use  of  the  imagination,"  in  which  the  Abbe  G» 
Smets,  in  Belgium,  figured  and  described  some  remains  of  a  new 
Dinosaur,  which,  upon  examination,  proved  to  be  merely  a  mass  of 
fossil  wood. 

Lydekker  figured  and  described  part  of  a  lefl  pectoral  paddle  of 
Iehihyo9auru$  intermedius  from  the  Lower  Lias  of  Barrow-on-Soar,  m 
which  the  integument  is  preserved,  as  in  a  paddle  figured  and 
described  by  Owen  in  1841.  In  1891  the  same  author  delineated 
and  noticed  a  most  perfect  skeleton  of  Ichihyo$aunu  ienuiroshiSr 
obtained  by  Alfred  Qillett  from  the  Lower  Lias  of  Street,  Somerset,, 
and  presented  by  him  to  the  British  Museum  (Natural  History), 
where  it  still  holds  a  premier  place  among  its  fellows. 

Dr.  G.  W.  Andrews,  in  1885,  gave  a  note  on  the  skull  of 
Keraterpeton  Qahani,  Huxley,  a  small  Labyrinthodont  from  the 
Ck>al-measures  of  Staffordshire,  originally  described  by  Huxley  fronv 
the  Kilkenny  Colliery,  Ireland.  In  the  same  year  be  described  the 
skeleton  of  a  young  Plesiosaur  from  the  Oxford  Clay  of  Peterborough, 
and  in  1896  the  pelvis  of  a  large  Plesiosaur  (Crypioelidns  oxoniemis), 
also  forming  part  of  the  Leeds  Collection. 

In  1896  Andrews  discussed  the  Stereorntthes,  a  group  of  extinct 
birds  from  Patagonia,  and  made  some  interesting  remarks  on  the 
recurrence  of  fiightless  or  wingless  birds  in  groups,  as  those  of  Sontb 
America  and  of  New  Zealand,  and  the  Gastornithidss  in  the  Eocene  of 
Europe.  He  contended  that  there  seemed  no  reason  why  such  groupa 
of  flightless  birds  should  not  arise  at  any  period  and  in  any  region, 
providing  the  conditions  of  life  were  favourable.  In  1896  he  uoticed- 
the  nearly  complete  skeleton  of  Aptomia  defosior,  a  gigantic  flightless^ 
rail  from  New  Zealand,  of  which  an  excellent  figure  was  given, 
followed  later  by  an  account  of  Biapliorapieryx  Hatokimiy  Forbes, 
a  large  extinct  rail  from  the  Chatham  Islands,  500  miles  east  of  New 
Zealand.  All  these  flightless  birds  shared  the  same  fate  as  the  Doda 
and  Dinornis,  having  been  eaten  up  by  man. 

Another  interesting  insular  flightless  bird  was  described  by 
Andrews  in  1897,  the  ^pyomis  Hildebrandti  from  Madagascar, 
a  restored  skeleton  of  which  was  set  up  in  the  British  Museum^ 
(Natural  History),  from  remains  obtained  by  Dr.  C.  I.  Forsyth  Major 
at  Sirab^,  Central  Madagascar. 

Lastly,  in  1899  he  figured  the  nearly  complete  skeleton  of  Dinornis 
maximus,  obtained  by  C.  A.  Ewen  near  Invercargill  (South  Island),. 
New  Zealand,  one  of  the  most  genuine  specimens  obtained ;  those 
sent  home  by  the  late  Sir  Julius  von  Haast  having  been  mostly 
composite  skeletons,  not  belonging  to  one  bird. 

Professor  Seeley  gave  in  1887  some  interesting  notes  on  Louis 
Dollo's  work  on  the  Dinosauria  of  Bemissart,  especially  in  reference  te 
the  Iguanodon  Bemissariensis  and  the  relation  of  Dinosaurs  to  Birds. 
Mr.  Dollo  also  contributed  an  article  on  some  Belgian  fossil  reptiles, 
with  special  reference  to  Eylaockampsa  and  J^emissartia,  In  188S 
the  same  author  wrote  on  the  humerus  of  Euclaaies,  and  discussed 
tlie  relationship  of  the  Propleuridae  with  the  Chelonite. 
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In  1899  Dr.  G.  Baar  reviewed  E.  T.  Newton's  memoir  on  the 
sknll  of  Seaphognathus. 

Tlie  egg  of  a  large  Struthioas  bird  (Struthiolithus  chersonensis) 
found  in  a  Post-Tertiary  deposit  at  Kalgan,  North  China,  was 
described  and  figured  in  1898  by  C.  E.  Eastman,  of  Cambridge, 
Massachusetts,  United  States.  As  no  bones  of  any  ostrich-like  bird 
have  been  met  with  in  China,  we  must  receive  the  evidence  of  the 
egg  alone  with  some  reserve,  although  the  account  is  very  well 
authenticated. 

In  1900 Eastman  described  a  fossil  bird  {QaUinuloides  WyonUngensti) 
from  the  Middle  Eocene,  Wyoming,  with  short  beak,  stout  legs,  and 
about  the  size  of  a  gallinule,  rail,  or  small  coot,  and  resembling 
those  birds  in  general  characters. 

In  1903  Professor  B.  Broom  figured  the  palate  of  Seylacosaurus 
Sclateriy  a  new  primitive  Theriodont  from  South  Africa,  and  a  new 
Stegocephalian  reptile  from  Ariwal  North,  Cape  Colony. 

In  1900  Professor  Burckhardt  gave  a  description  and  excellent 
figures  of  Myperodapedon  Oordoni  from  the  Trias  of  Elgin;  and 
G.  A.  Boulenger,  in  1903,  described  the  palate  of  Syperodapedon 
and  of  a  new  genus,  Stenomeiopoiif  also  from  the  same  deposit. 

Baron  Francis  Nopcsa,  jun.,  had  an  article  in  1903  on  the  origin 
of  the  Mosasaurs,  and  discussed  the  question  as  to  whether  Mosasaurs 
were  highly  specialized  aquatic  Yaranoids,  or  sprang  from  the 
Neooomian  Dolichosaurs,  or  were  an  ofiEshoot  from  some  ancient 
Lacertilia. 

Mammalia.— Professor  Owen,  who  was  among  our  earliest 
contributors,  wrote  in  1865  on  Miolophus,  a  new  genus  of  Eocene 
mammals.  A  year  later  the  specimen  so  described  by  Owen 
proved  to  be  the  type  of  Plaiychsrops  Bichardsoni  (Charles worth), 
(Brit.  Assoc.  Bep.,  1854,  p.  80),  from  the  London  Clay,  Heme 
Bay  (see  Geol.  Mag.,  1866,  p.  48),  and  was  claimed  for  the  York 
Museum,  to  which  it  belonged.  In  1866  Owen  described  the  lower 
jaw  and  teeth  of  a  small  Oolitic  mammal  from  the  Purbeok  beds 
of  Dorset,  which  he  named  Stylodon  pusillus,  probably  a  small 
Insectivore.  He  next  wrote  in  1869  on  Castor  and  Trogontherium, 
and  gave  figures  of  the  limb-bones  and  teeth  of  the  gigantic  beaver 
of  the  Norfolk  Forest  Bed  series.  This  great  beaver  occurred  also 
in  the  Thames  Valley  (see  Gbol.  Mag.,  1902,  p.  385) ;  in  the  Depart- 
ment TEure  et  Loire  in  France ;  at  Taganrog,  on  the  Sea  of  Azof; 
and  near  Odessa,  on  the  Black  Sea.  In  the  same  year  he  recorded 
the  occurrence  of  the  Elk  (Alces  palmatm)  from  the  North  Tyne 
Biver,  Northumberland,  and  from  the  East  London  Waterworks 
at  Walthamstow,  Essex.  A.  Smith  Woodward,  in  his  '^  British  Fossil 
Vertebrates"  (1890),  gave  no  fewer  than  thirty-two  localities,  to 
which  may  now  be  added  Keiss,  Caithness,  and  Cleveland,  Yorkshire. 
In  1883  Owen  figured  and  described  a  newly  discovered  skull  of 
Tkylacoleo  from  Queensland,Au6tralia,  a  palatal  view  of  which  is  given. 

In  1865  Harry  Seeley  described  the  cervical  vertebrsd  of  a  whale, 
Palaoeetus  Sedgtoiehii,  from  the  Boulder- clay  of  Ely,  in  the 
Woodwardian  Museum. 


Digitized  by  VjOOQ  IC 


162         A  Retrospect  of  Palceontology  for  Forty  Years. 

In  the  same  year  Dr.  A.  Leith  Adams  gave  an  account  of  the 
first  discovery,  in  1867,  by  Dr.  S.  Agius,  of  the  bones  and  teeth 
of  fossil  elephants,  associated  with  the  great  dormouse,  Myoxus 
melitensis,  in  the  Gandia  Fissure,  Malta.  But  the  best-preserved 
remains  of  the  pigmy  elephant  were  obtained  by  Captain  Spratt, 
B.N.,  from  the  Zebbug  Cave  in  1859. 

In  1867  Professor  Sir  Frederick  McCoy  noticed  the  occurrence 
of  Squalodon  Wilkinsonif  from  the  Miocene  Tertiary  of  Victoria, 
Australia,  a  primitive  whale  with  teeth  provided  with  bicuspid 
fangs.  Teeth  of  this  whale  have  also  been  found  in  the  Bed  Crag 
of  Suffolk,  in  Malta,  France,  and  North  America. 

Henry  Woodward,  in  1864,  described  the  discovery  and  exhumation 
of  a  skull  and  tusks  of  Mephas  primigenius  from  the  Brick-earth  at 
Ilford  in  Essex,  and  in  1868  figured  the  skull  and  tusks  in  order 
to  show  that  their  normal  curvature  in  the  aged  Mammoth  was 
inwards  at  their  extremities,  not  outwards,  as  had  hitherto  been 
depicted  by  Waterhouse,  Hawkins,  and  others.  In  1869,  under  the 
title  of  ''  Man  and  the  Mammoth,"  the  same  writer  gave  an  account 
of  the  animals  found  associated  with  early  man  in  Britain  during  pre- 
historic times,  in  which  a  table  was  also  given  of  the  species  which 
are  extinct  or  have  been  killed,  have  migrated  or  are  still  living  in 
this  country.  An  article  in  the  same  year  recorded  the  animals 
found  in  the  fresh-water  deposits  of  the  Valley  of  the  Lea  near 
Walthamstow,  Essex. 

In  1871  Henry  Woodward  described  the  Mammoth  skeleton  from 
Lierre,  Belgium,  set  up  in  the  Boyal  Museum  of  Natural  History  at 
Brussels,  and  gave  a  brief  account  of  the  other  objects  of  interest  in 
that  collection.  In  1874  the  same  writer  gave  an  account  of  the  very 
perfect  skull  of  Bhinoceros  leptorhinus,  from  the  Pleistocene  Brick- 
earth  of  the  Valley  of  the  Thames  at  Ilford.  The  author  pointed  out 
that  Falconer's  name  of  E.  hamitechtis  must  give  place  to  Owen's 
JB.  leptorhinus,  inasmuch  as  the  species  had  a  completely  ossified 
nasal  septum.  In  1885  he  recorded  the  addition  to  the  British 
Museum  of  a  nearly  complete  skeleton  of  Steller's  sea-cow,  Bhytina 
gigas,  from  Behring  Island,  and  a  restored  skeleton  of  Halilherium 
Schinzi,  from  the  Miocene  of  Hessen  Darmstadt,  and  he  pointed  out 
that  at  present  the  living  Sirenia  were  all  confined  within  a  band 
30^  north  and  30^  south  of  the  equator,  but  in  late  Tertiary  times 
they  extended  to  60*^  north,  about  28  species  being  met  with  in 
North  America,  England,  France,  Belgium,  Holland,  Italy,  Germany, 
and  North  Africa;  affording  additional  evidence,  if  such  were  required, 
of  the  former  northern  extension  of  warmer  conditions  of  climate  in 
Europe  in  the  near  past. 

In  1886  H.  Woodward  gave  an  account  of  recent  and  fossil 
Sippopotami.  In  1898  he  described  the  great  red -deer  antlers 
from  Bakewell,  Derbyshire ;  a  year  later  he  figured  the  skull  and 
tusks  of  the  famous  Mephas  ganesa,  which  forms  so  striking  an 
object  in  the  centre  of  the  Geological  Gallery  of  the  British  Museum 
(Natural  History).  In  1903  he  noticed  some  recent  cave-hunting 
in  Cyprus  by  Miss  Dorothy  M.  A.  Bate. 
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W.  Boyd  Dawkins  discussed,  in  1868,  the  value  of  the  evidence  for 
4h6  existence  of  the  Mammoth  in  Europe  in  pre-Glaoial  times,  and 
he  conoludetl  that  the  evidence  forthcoming  did  not,  in  his  opinion, 
support  the  contention  of  the  pre- Glacial  age  of  the  Mammoth,  which 
must  be  considered  to  be  of  later  date. 

In  1870  Professor  Huxley  contributed  a  paper  on  the  milk- 
Jentition  of  Palaotherium  magnum,  in  which  he  pointed  out  that  the 
genus  Paloplotherium  was  founded  upon  a  mistake,  and  it  disappears 
from  zoological  nomenclature.  Professor  James  Geikie  described 
4he  occurrence  in  1868  of  Bos  primigenius  \u  the  Lower  Boulder- 
<jlay  of  Scotland. 

E.  Ray  Lankester  announced  (1869)  the  discovery  of  a  new 
Trilophodont  Mastodon  in  the  Sufifolk  Bone-bed  at  Woodbridge,  and 
•in  the  same  year  the  finding  of  a  portion  of  the  tusk  of  the  great 
«abre-toothed  tiger  Machatrodus  from  the  Forest-bed  at  Cromer,  on 
the  Norfolk  coast.  In  1899  he  returned  to  the  subject  of  the 
Trilophodont  Mastodon  from  the  Suffolk  Crag,  and  refigured  his 
Mastodon  angustidens  as  var.  laiidens,  the  obscuring  phosphatio 
matrix  having  been  removed. 

Professor  Robert  Harkness  (1870)  mentioned  the  occurrence  of 
elephant  -  remains  in  Ireland.  He  concluded  that  there  is  good 
evidence  of  the  Mammoth  having  been  met  with  in  Shandon  Cave, 
Dungarvan,  co.  Waterford. 

In  1871  Dr.  James  Murie  gave  figures  of  the  skeleton  and  an 
admirable  restoration  of  Siva^erium  giganteum,  a  type  of  Miocene 
Tertiary  short-necked  homed  ruminants,  which  with  Helladotherium, 
Bramatherium,  Samotherium,  and  some  others  belong  to  the  Giraffidao, 
and  of  which  the  long-necked  giraffe  and  the  recently  discovered 
short*necked  Okape  alone  survive. 

William  Davies  (1878)  recorded  the  animals  obtained  by  J.  J. 
Owles,  of  Yarmouth,  from  the  Dogger  Bank  in  the  North  Sea,  an 
old  Pleistocene  or  Post- Glacial  land  lying  off  the  east  coast  and  once 
a  part  of  these  Islands  when  they  were  joined  to  the  Continent, 
and  the  bear,  wolf,  hyadna,  the  Irish  deer,  the  reindeer,  red  deer, 
arus,  bison,  horse,  rhinoceros,  mammoth,  beaver,  elk,  musk-ox,  etc., 
were  common  British  animals.  He  noticed  a  fine  jaw  of  mammoth 
dredged  from  the  Dogger  Bank  in  1837,  and  in  1879  mentioned  the 
occurrence  of  the  musk-ox  {Ovibos  moschatus)  from  the  Thames 
Brickearth  at  Crayford  in  Kent.  In  1880  Davies  announced  the 
discovery  (by  James  Backhouse,  of  York)  of  the  northern  lynx 
(Felts  borealis)  in  a  cave  in  Teesdale,  Durham.  He  added  a  new 
British  carnivore  in  1884,  the  civet  (Viverra  Hastingsia),  from  the 
Eocene  of  Hordwell,  Hampshire. 

In  1880  E.  T.  Newton  commenced  a  series  of  papers  on  the 
Yertebrata  of  the  Pre -Glacial  Forest  Bed  series  of  the  East  of 
England.  In  his  first  paper  he  recorded  the  wolf,  fox,  Machatrodus, 
Fdis,  marten,  glutton,  bear  (two  species),  walrus,  and  a  seal. 
In  his  second  paper  he  gave  the  horse,  the  ass,  four  species  of 
Rhinoceros,  Hippopotamus,  two  species  of  pig,  ox,  bison,  sheep,  goat, 
thirteen  species  of  deer,  and  the  reindeer  {Rangifer  larandus).   In  1882 
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he  noticed  the  ooourrenoe  of  the  marmot,  Spermophilus,  beneath  the 
Glacial  Till  of  Norfolk.  In  1883  he  described  the  teeth  of  Myana 
croeuta,  var.  spelaa,  from  the  Forest  Bed  at  Gorton,  Suffolk.  In 
1887  he  figured  remains  of  the  otter,  the  eagle,  owl,  shoveller  duck, 
and  cormorant,  all  from  the  Forest  Bed  series.  B.  T.  Newton  added, 
in  1889,  descriptions  of  Cervus  rectus,  Bison  bonasus,  Phooa  barbatay. 
Delphinapterus  leucus,  and  Phocana  commwiis.  In  1890  the  same 
author  noticed  the  occurrence  of  Lemmings  and  other  rodents  in 
the  Brickearth  of  the  Thames  Valley,  Crayford.  Lastly,  in  1902, 
he  recorded  the  discovery  of  Trogontherium,  the  giant  beaver,  from 
near  Greenhithe,  Kent,  in  the  valley  of  the  Thames. 

Sir  Henry  Howorth  wrote  in  1880  on  the  Mammoth  in  Siberia, 
giving  a  number  of  interesting  facts  to  prove  the  very  early  date 
in  history  when,  by  the  trade-routes,  Mammoth  ivory  was  brought 
south-west  into  Europe  from  Siberia.  In  1901  he  wrote  of  "the^ 
earliest  traces  of  Man,"  taking  as  his  text  the  evidence  of  Palsaolithio 
Man  in  Africa,  by  Sir  John  Evans,  H.  0.  Forbes  on  the  stone 
implements  from  Egypt  and  Somaliland,  Ashington  BuUen  on 
Eolithio  implements,  etc. 

Richard  Lydekker  had  a  series  of  three  papers  on  the  Artiodaotyla, 
etc.,  in  1885,  and  on  the  teeth  o(  Myanodon  in  1890. 

Professor  0.  C.  Marsh  (in  1887)  wrote  on  American  Jurassic 
mammals,  and  figured  and  described  many  forms  closely  resembling 
our  Purbeck  and  Jurassic  microtheres,  of  which  he  made  as 
acquainted  with  no  fewer  than  26  species.  In  1889  he  illustrated 
the  skeleton  of  the  great  Brontops  (Titanotherium),  a  huge  bony- 
homed  Rhinoceros  with  two  blunt  bony  prominences  on  its  snout  near 
the  extremity,  placed  side  by  side.  He  figured  Coryphodon  hamatus 
in  1893,  a  huge  Amblypodous  ungulate  allied  to  Dinoceras,  from  the 
Lower  Eocene  of  Wyoming,  U.S.A.  In  1894  he  gave  a  restoration 
of  Eloiherium  crassum,  a  pig-like  animal  from  the  Miocene  of  North- 
Eastern  Colorado,  only  surpassed  in  bulk  by  the  Rhinoceroses  and 
Titanotheres,  its  contemporaries.  In  1899  Marsh  published  his 
Address  on  the  Origin  of  Mammals  (delivered  at  Cambridge 
August  25th,  1898).  On  the  18th  March  he  passed  away  in  his 
68th  year,  having  done  a  day's  work  and  done  it  well. 

Dr.  C.  I.  Forsyth  Major  wrote  in  1890  on  the  Pliocene  Mammalian 
Fauna  at  Olivola  in  the  Carrara  Mountains,  and  recorded  Felis, 
Machatrodus,  JETyana  robusta,  Cams,  Ursus  etruscus,  Bhinoceros 
etrmcu8y  Equus  sienonis,  Mastodon  arvernensis,  Bus  Strozzi,  Cervus 
dicraniuSf  Leptobos  elatus,  Castor,  etc.  In  1899  he  described  Seiurus 
Bredai  and  S,  sp.,  Logopsis  veriis,  and  Cricetodon  minus,  from  the 
Middle  Miocene  of  Oeningen ;  fossil  dormice,  Museardinus  san- 
saniensis,  and  Eliomys  Hamadryas,  from  Sansan  and  La  Grive  Saint- 
Alban,  and  on  Pliohyrax  gracus  from  the  Upper  Miocene  of  Samoa 
and  Pikermi. 

In  1900  Forsyth  Major  gave  a  summary  of  what  was  known  of 
the  extinct  primates  of  Madagascar — Megaladapis,  Palaochirogalus,. 
Nesopithecus,  and  Madropithecus  ;  and  in  1901  an  interesting  article 
on  the  transference  of  secondary  sexual  characters  of  mammals  from 
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males  to  females,  the  horns  of  the  Giraffidse,  the  antlers  of  the 
deer  tribe,  and  the  horns  in  the  Bovinsd  and  Gapridsd  being  considered,. 
the  reindeer  and  roedeer  and  sometimes  the  red-deer  having 
antlered  females,  and  the  tusks  also  in  the  Suidso  (in  the  Potamoelueri) 
being  almost  equal  in  size  and  shape  to  those  of  the  males.  Also  he 
wrote  on  a  supposed  camel  and  a  nilghai  (nylghau)  from  Samos ;  the 
former  proved  to  be  a  hornless  skull  of  the  female  Falaotragua^ 
Bouenii,  a  small  Giraffoid  form,  and  the  nilghai  to  be  another  of  the 
OiraffidaB,  Palceotragus  vetustus. 

Daring  his  visit  to  Madagascar,  in  1895,  Forsyth  Major  was 
fortanate  in  obtaining  a  nearly  complete  skeleton  of  hippopotamus 
madagiucarienns,  which  is  now  set  up  in  the  British  Museum 
G^eological  Gallery,  and  was  photo-engraved  in  1902  and  described 
by  the  discoverer.  Like  H.  lihertensis,  it  is  a  pigmy  form  of  the 
great  Jff.  amphihiua  of  Africa.  Besides  the  above  there  are  in  the 
Mediterranean  islands  Hi  Fentlandi,  H,  melitensia,  and  JTi  minutus,  all 
pigmy  forms.  In  1903  the  same  author  wrote  on  some  new 
Camivora  from  the  Middle  Miocene  of  La  Grive  Saint- Alban,  Is^re, 
France,  and  defined  Progenetta  certa,  Leptoplesictia  sp.,  Trocharion 
albanenae,  and  Trochictis  Depreti. 

Numerous  mammalian  remains  from  Egypt  have  from  time  ta 
time  been  sent  by  Captain  Lyons,  the  Director-General  of  the 
Geological  Survey,  to  the  British  Museum  for  determination,  and 
Dr.  C.  W.  Andrews  during  the  last  five  years  visited  Egypt  several 
times  in  order  to  collect  further  material,  which  he  has  described 
in  a  series  of  papers.  In  1899  he  noticed  and  figured  Brachyodu» 
africanHB,  a  large  anthracotheroid  ungulate,  of  which  a  number  of 
allied  forms  have  been  described  from  European  deposits ;  he  also 
mentions  the  remains  of  a  small  species  of  Bhinoceros, 

Dr.  Andrews  made  numerous  expeditious  with  H.  J.  L.  Beadnell 
to  the  western  desert,  which  resulted  in  the  discovery  of  a  number 
of  important  mammalian  remains  of  Zeuglodonts,  Siren ians,  and 
Proboscidea;  of  these  may  be  mentioned  Eotherium  agyptiacum, 
Zeuglodcn  oairiSf  Palaomaslodon  Beadnelli,  Mceritherium  Lyonai, 
M.  graciUy  Bradytherium  grave,  and  Eoairen  libyca.  Also  from 
the  Wadi-Natrun  remains  of  a  small  hippopotamus,  a  hipparion, 
a  small  pig-like  animal ;  various  antelopes  were  also  obtained, 
likewise  remains  of  Hippotragua  Cordieri. 

In  1903  Andrews  offered  suggestions  on  the  evolution  of  the 
Proboscidea,  and  described  the  gradual  increase  in  the  complexity  of 
the  molar  teeth,  the  loss  of  incisors  Nos.  1  and  3,  and  the  great 
iaorease  in  size  of  incisor  No.  2,  which  eventually  formed  the  tusk ; 
the  canines  are  also  early  lost;  in  the  earliest  forms  some  of  the 
cheek-teeth  (milk-molars)  are  replaced  by  premolars  in  the  usual 
manner  from  beneath,  and  these  teeth  remain  in  wear  simultaneously 
with  the  true  molars.  In  later  forms  no  vertical  succession  takes 
I^aoe ;  as  the  milk-molars  are  worn  they  are  shed,  being  replaced 
from  behind  by  the  forward  movement  of  the  molars.  Of  these  also 
the  anterior  may  be  shed  until,  in  old  individuals  of  the  later  types, 
the  last  molar  is  alone  functional.     The  molar  teeth  increase  in 
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<;omplexity  from  the  earliest  to  tbe  latest  type,  begponing  as  simple 
•quadritubercular  molars  in  itfosn'Merttim  and  ending  with  the  complex 
tooth  found  in  Elephaa ;  in  Falaomaatodon  the  molars  are  trilophodont, 
as  are  the  first  and  seoond  molars  in  Tetrabelodon.  In  the  Stegodonts 
a  further  increase  in  the  height  of  the  crests  of  the  molars  takes 
place,  the  teeth  being  covered  by  a  thick  coat  of  cement;  in  still 
later  forms  these  crests  become  highly  compressed  laminae  united  by 
cement;  as  many  as  twenty-seven  plates  being  present  in  one  too^ 
'in  the  Indian  elephant. 

By  these  researches  we  are  made  acquainted  with  a  series  of 
forms  in  the  direct  ancestral  line  of  the  Proboscidea,  taking  as 
( 1 )  Mo&ritherium,  Middle  Eocene;  (2)  Palaomastodon,  Upper  Eocene; 
<3)  TetrahelodoHy  Miocene;  (4)  the  Stegodonts,  Pliocene;  (5)  the 
Mammoth,  Elephaa  primigenius,  Pleistocene;  and  (6)  the  living 
Indian  elephant. 

In  the  same  year  Andrews  gave  an  account  of  further  discoveries 
til  the  Fayura,  Egypt.  The  commonest  forms  met  with  were 
FaUeemastodon  and  ArsinoHherium.  A  fine  skull  of  the  latter  and 
of  Moeritherium  were  obtained ;  the  author  also  described  and  figured 
Megalohyrax  eocanus  and  Pterodon  africanus. 

Professor  E.  D.  Cope  gave  an  account  of  a  new  type  of  Perisso- 
<lactyle  Ungulate,  Phenacodus  primavm,  from  the  Eocene  of  Wyoming, 
U.S.A.,  believed  to  be  a  primitive  ancestor  of  the  horse.  In 
1899  Cope  discussed  the  development  of  the  Probosoidea,  but  the 
-discoveries  made  by  Andrews  more  lately  in  Egypt  give  us  fuller 
information  on  this  subject. 

P.  M.  C.  Kermode  gave  in  1898  some  interesting  particulars  of 
the  exhumation  of  the  gigantic  Irish  deer  in  the  Isle  of  Man ;  the 
first  specimen,  having  been  obtained  at  Ballaugh  in  the  Isle  of  Man» 
was  in  1819  and  is  now  preserved  in  the  Edinburgh  Museum ;  the 
recently  discovered  specimen  has  been  set  up  in  Douglas  Castle. 

Should  our  retrospect  of  the  life -history  of  the  Gbolooioal 
Magazine  in  the  past  forty  years  seem  hardly  to  justify  so  large 
a  space  having  been  devoted  to  it,  nevertheless  we  may  plead  that  it 
serves  to  show  what  an  important  part  this  journal  has  taken,  and 
still  takes,  in  the  progress  of  geology  and  palaaontology,  not  only 
in  this  country  and  in  our  colonies  but  abroad  generally,  whilst  the 
splendid  list  of  eminent  men  among  its  contributors  still  stands 
unrivalled.  In  the  matter  of  illustrations  we  have  a  right  to  feel 
proud.  Seven  hundred  excellent  plates  adorn  the  journal,  and 
seventeen  hundred  illustrations  will  be  found  in  the  text 

The  increase  in  recorded  fossil  remains  has  been  enormous,  but 
the  increase  in  names  and  the  changes  brought  about  in  their 
application  have  been  even  far  greater.  We  have  only  to  compare 
A.  S.  Woodward  and  Sherborn's  Vertebrata  with  that  part  of  Morris's 
Catalogue  (1856),  or  to  consider  for  a  moment  the  great  additions 
made  to  our  Oolitic  species  of  Gasteropoda  recorded  by  Hudleston 
of  late  years  since  Professor  Morris's  time. 

After  all,  it  is  not  the  length  of  the  palsoontological  road  which  is 
so  trying,  but  its  inequalities.     For  example,  how  can  the  perplexed 
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Btadent  follow  the  zigzag  and  tortuous  nomenclature  of  tbe  Ammon- 
ites, as  he  views  them  to-daj  by  the  light  of  modem  writers  on  this- 
group  ?  Or,  to  take  a  less  perplexing  branch,  the  British  non-marine 
Mollusca  (as  recorded  by  B.  B.  Woodward,  1903).  What  becomes 
of  our  knowledge,  derived  from  the  past,  if  out  of  167  names  defined 
by  Forbes  and  Hanley,  only  51  remain  intact  ?  Such  metamorphoses 
are  too  startling. 

One  pressing  matter  remains  to  be  mentioned,  that  is,  a  General. 
Index  to  the  forty  annual  vohimes  of  the  Gbolooioal  Magazine. 

The  Index  is  prepared  in  MS.  by  Mrs.  Woodward.  The  question 
is^  shall  it  be  printed  f  If,  say,  300  of  our  readers  are  prepared  to 
snbscribe  one  guinea  each  for  a  copy,  this  work  of  reference  might 
be  published.  It  would  unquestionably  prove  of  the  greatest  value 
to  all  workers  in  geology  and  palaeontology. 

Every  year  Time  strikes  off  some  name  from  our  list  of  old  and 
valned  friends,  and  each  year  gives  us  some  new  ones  to  add,  but  we 
crave  more  subscribers  in  order  to  be  able  to  give  more  illustrations 
and  so  add  new  interest  to  our  journal.  In  conclusion,  we  trust 
that  the  fifth  decade  may  be  brighter  and  more  successful  thai> 
the  four  already  completed,  for  our  readers  and  subscribers  as 
well  as  for  our  kind-hearted  and  always  encouraging  and  helpful 
iHend  the  Publisher,  and  lastly  for  ourselves  that  we  may  be 
permitted  to  witness  the  Jubilaeum  of  the  Geological  Magazine. 
H.W. 

IL — PuBTHEE  Notes  on  the  Mammals  of  the  Eocene  op  Egtpt» 

By  C.  W.  Andrews,  D.Sc,  F.G.S.,  British  Museum  (Natural  Histor}). 

Part  II. 

(PLATE  VI.) 

Arsinoitherium. 

THE  shtdl  of  one  species  {A.  Ziiteli)  of  this  remarkable  ungulate 
has  already  been  figured  by  Mr.  Beadnell,  and  also  in  thi» 
Magazine  (December,  1903),  where  its  general  form  is  well  shown. 
Details  of  the  structure  of  the  skull  and  skeleton  will  be  given  in 
the  monograph,  so  that  only  a  few  of  the  more  important  characters 
need  be  referred  to  here. 

The  pedanonlate  occipital  condyles  are  very  large  and  prominent ; 
the  occipital  surface  slopes  strongly  forwards  and  is  bordered  by 
a  massive  lambdoidal  ridge,  which  on  either  side  (in  old  animals  at 
least)  rises  into  a  prominent  backwardly  directed  boss  of  bone, 
almost  like  a  blunt  horn.  The  parietal  region  of  the  cranial  roof 
is  flat  and  is  at  right  angles  to  the  side  walls  of  the  skull,  being 
sharply  marked  oflF  from  them  by  well-defined  ridges,  which  form 
the  upper  limits  of  the  temporal  fossse.  The  suture  between  tbe 
parietals  is  obliterated  in  the  youngest  skull  examined.  The  pair 
of  small  posterior  horns  over  the  orbits  are  borne  exclusively  by 
the  frontals,  while  the  great  anterior  pair  seem  to  be  formed  entirely 
by  the  enormously  developed  nasals. 

The  squamosal  takes  a  large  share  in  the  formation  of  the  side 
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-wall  of  the  oraniom.  It  bears  a  large  post  -  tympanic  and  also 
a  large  post-glenoid  process,  the  two  approaching  one  another, 
though  not  meeting,  beneath  the  auditory  meatus.  The  glenoid 
surface  is  very  broad  from  side  to  side,  but  narrow  and  deeply 
concave  from  before  backwards.  The  orbits  are  not  marked  off 
in  any  way  from  the  temporal  fossae;  there  are  large  antorbital 
foramina.  The  pre-nasal  buttress  of  bone,  running  from  the  pre- 
roaxillse  to  the  nasals  and  helping  to  support  the  front  of  the  great 
horns,  seems  to  be  formed  mainly  by  the  premaxilln.  The  pterygoids 
form  extremely  large  palatine  plates,  and  the  palate  is  very  deeply 
concave  from  side  to  side,  particularly  in  front 

In  the  mandible  the  ascending  ramus  is  high,  and  the  ooronoid 
•process  rises  considerably  above  the  transversely  elongated  condyle. 

The  teeth  (Plate  VI,  Figs.  1-3).    The  denUl  formula  is  i.  i;  o.  t ; 

J>m.  } ;  m.  f .  The  tooth  series  is  closed,  and  in  the  mandible  at 
east  the  crowns  all  wear  to  a  common  level,  and  there  is  no  dear 
line  of  distinction  between  the  premolars,  canines,  and  incisors  ; 
but,  on  the  other  hand,  in  both  upper  and  lower  jaws  the  difference 
between  the  premolars  and  molars  is  most  striking.  The  molars 
are  especially  remarkable  for  the  height  of  their  crown,  particularly 
on  the  outer  side.  £Iach  molar  (see  Figs.  1  and  3)  consists  of  two 
columns  {pe.  and  ae,)  flattened  antero  •  posteriorly,  and  with  the 
posterior  face  slightly  concave  from  side  to  side.  The  enamel - 
covered  portion  of  the  outer  side  of  these  elements  is  very  much 
higher  than  on  the  inner  side.  These  main  columns  are  united 
on  the  inner  side  of  the  tooth  only,  where  also  are  developed  the 
smaller  accessory  crests  marked  x  and  y  in  the  figures.  In  wear 
(see  m.  2  of  Fig.  1)  these  accessory  elements,  together  with  the 
inner  ends  of  the  main  columns,  unite  to  form  an  inner  wall, 
which,  except  just  at  first,  is  not  covered  with  enamel  (Fig.  1). 
The  premolars  present  a  totally  different  appearance.  In  them  there 
is  an  outer  wall  covered  with  enamel  and  consisting  of  two,  or  more 
probably  three,  united  elements.  There  are  two  inner  cusps,  the 
anterior  of  which  soon  becomes  united  with  the  eotoloph,  as  in  very 
worn  teeth  the  posterior  one  does  also;  anteriorly  the  element 
marked  x  in  the  molar  is  present.  The  peculiar  arrangement  of  the 
roots  in  the  cheek  teeth  and  the  probable  homologies  of  their  cusps 
will  be  described  later.  It  seems  probable  that  we  have  here  an 
extreme  modification  with  great  hypselodonty  of  one  of  the  types 
occurring  among  the  earlier  Amblypoda.  The  canines  and  two 
posterior  incisors  are  simple  columnar  teeth  with  a  cingulnm  on  the 
inner  side,  wearing  to  a  flat  surface  continuous  with  that  of  the 
cheek  teeth.  The  anterior  pair  of  incisors  are  not  well  known  to  me, 
but  they  appear  to  have  been  separated  by  a  considerable  interval  in 
the  middle  line,  and  to  have  possessed  curved  and  pointed  crowns 
with  a  shelf-like  development  of  the  cingulum  posteriorly. 

The  lower  molars  are  at  first  bilophodont,  each  consisting  of  a  pair 
of  obliquely  transverse  crests,  the  anterior  faces  of  which  are  slightly 
concave  from  side  to  side  and  not  covered  by  enamel.  The  outer 
angle  of  the  posterior  crest  is  united  by  a  ridge  with  the  inner 


Digitized  by  VjOOQ  IC 


Dr.  C.  W.  Andrews — Notes  on  Egyptian  Eocene  Mammals.     159 

angle  of  the  anterior  one,  from  the  enter  angle  of  which  another 
ridge  rans  forwards  and  inwards  to  the  anterior  face  of  the  tooth. 
The  pattern  assumed  in  wear  is  shown  in  Fig.  2.  These  molars  in 
some  respects  resemble  those  of  some  species  of  Coryphodon  (e.g. 
C.  simuB  ^),  but  are  more  hypselodont. 

The  premolars  are  much  more  compressed  laterally  than  the 
molars;  they  seem  to  consist  essentially  of  a  pair  of  crescents, 
but  the  details  of  their  structure  cannot  be  discussed  here.  The 
€anines  and  incisors  are  simple  columnar  teeth  wearing  to  a  common 
level  and  forming  a  closed  series  both  in  the  middle  line  and  with 
the  premolars.  Altogether  the  dentition  in  this  genus  seems  to  be 
one  of  the  most  remarkable  known,  at  least  among  the  Ungulata. 
The  teeth  here  specially  referred  to  and  figured  are  those  of  the 
type-specimen  of  Arsinoitherium  andretosit  Lankester. 

The  skeleton  is  almost  completely  known,  but  in  the  case  of 
some  of  the  bones  there  may  be  some  danger  of  confusion  with 
those  of  Falaomastodon. 

The  axis  has  a  blunt  peg-like  odontoid  process ;  its  centrum  and 
still  more  those  of  the  cervical  vertebrao  behind  it  are  very  broad 
and  short,  so  that  the  neck  must  have  been  nearly  as  short  as  in 
the  elephants. 

The  scapula  is  much  like  that  of  Dinoceras  as  figured  by  Marsh 
in  his  monograph  of  the  Dinocerata. 

The  humerus  differs  considerably  both  from  that  of  Elephas  and 
^f  Dinoceras.  It  is  especially  remarkable  for  the  extreme  antero- 
posterior compression  of  the  lower  part  of  its  shaft  and  distal 
end,  and  for  the  presence  of  a  very  prominent  deltoid  process. 

The  radius  and  ulna  are  very  short  and  stout,  and  do  not  differ 
widely  in  their  main  features  from  those  of  Elephas^  while  in 
some  points,  e.g.  the  distal  articulation  of  the  radius,  they  are  unlike 
the  corresponding  parts  of  Dinoceras.  The  distal  articulation  of 
the  ulna  is  still  laiger  in  proportion  to  that  of  the  radius  than 
in  the  elephants.  In  these  latter,  in  some  cases,  the  lunar  has 
A  surface  for  the  trapezoid  as  well  as  for  the  magnum,  there  being 
apparently  some  displacement  of  the  proximal  row  of  carpals  to 
the  pre*axial  side,  instead  of  post-axiaily  as  usual.  Whether  this 
4S  80  in  Arsinoitherium  or  not  in  the  case  of  the  lunar  is  not  known 
at  present,  but  there  is  some  evidence  that  the  cuneiform  extended 
pre-axially  a  short  distance  over  the  magnum.  Weithofer  ascribes  the 
peculiar  displacement  in  the  elephants  to  the  preponderating  size  of 
the  olnar  articulation,  and  the  same  cause  may  have  been  efficient  here. 

The  short  stout  metacarpals  are  somewhat  displaced  outwards ; 
the  third  has  a  small  contact  with  the  unciform  which  entirely 
supports  the  fourth  and  fifth. 

The  femur  is  chiefiy  remarkable  for  the  great  antero-posterior 
compression  of  its  shaft,  the  outer  border  of  which  is  a  thin  sharp 
edge  withont  any  distinct  projection  representing  the  third  trochanter. 
The  distal  articulation  is  much  as  in  Dinoceras. 

^  See  Osbom,  <*£volutioii  of  the  Amblypoda,"  pt.  i:  Bull.  Amer.  Hus.  Nat* 
Hist.,  vol.  X  (1898),  p.  192,  fig.  16. 
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The  tibia  is  extremely  similar  to  that  of  Binoceras, 
It  is  in  the  tarsus  that  the  relationship  with  the  Amblypoda  is 
most  apparent.  The  astragalus  in  general  shape  is  much  like 
that  of  an  elephant,  but  closer  examination  shows  that  its  distal 
articulation  is  divided  by  a  well-marked  ridge  and  angle  into  two 
surfaces,  one,  much  the  larger,  for  the  navicular,  the  other  for  the 
cuboid.  Internal  to  the  navicular  surface  there  is  a  small  facet 
which  seems  to  indicate  the  presence  of  a  distinct  itbiale.  In  all 
essential  respects  the  astragalus  is  very  nearly  like  that  of  Coryphodon 
or  Dinoceras,  The  calcaneum  is  very  short  and  stout;  there  is 
a  large  fibular  facet,  and  the  surface  for  the  cuboid  is  small. 
A  navicular  attributed  to  this  animal  is  very  similar  to  that  of 
Coryphodon.  Detailed  descriptions  and  figures  of  the  foot-bones 
and  other  parts  of  the  skeleton  will  be  given  in  the  monograph. 
The  dimensions  of  the  figured  specimens  (Figs.  1  and  2)  are : — 

Length  of  upper  molar  series  23' 5  cm. 

Length  of  the  three  posterior  upper  premolars        ...  11*6  „ 

Length  of  lower  molar  series  23      ,, 

Length  of  lower  premolar  series       ,.  14      „ 

All  that  is  at  present  known  of  the  structure  of  Arsinoitherium 
leads  me  to  believe  that  it  is  a  highly  specialised,  probably  terminal, 
member  of  a  subdivision  of  the  Amblypoda,  probably  most  nearly 
related  to  the  Coryphodontid®,  though  belonging  to  a  separate  family, 
the  ArsinoitheriidsB.  I  am  also  inclined  to  think  that  Barytherium, 
though  widely  di£Perent  in  many  respects,  may  have  somewhat 
similar  relationships,  and  may  belong  to  still  another  family  of 
the  same  sub-order. 

Geniohyus  mirus,  gen.  et  sp.  nov. 

During  the  season  1902-3  a  large  part  of  the  right  ramus  of  the 
mandible  of  a  pig-like  animal  was  collected  by  Mr.  Beadnell.  Thia 
specimen,  which  is  the  anterior  part  of  the  right  ramus  of  the 
mandible  together  with  the  symphysis,  presents  some  very  remarkable 
characters.  The  symphysial  region  is  narrow  both  from  side  to  side 
and  from  above  downwards  and  behind  it,  just  where  the  rami  begin 
to  diverge ;  the  ventral  border  of  the  jaw  is  produced  downwards  on 
either  side  into  a  long  decurved  and  backwardly  directed  process  of 
bone,  quite  unlike  anything  I  am  acquainted  with  in  any  other  animal. 
The  hinder  border  of  the  base  of  this  process  is  connected  with  the 
outer  edge  of  the  ramus  itself  by  a  thin  plate  of  bone.  The  ramus 
is  incomplete  ventrally,  but  was  evidently  very  narrow  from  above 
downwards.  The  function  of  this  remarkable  paired  ventral  process 
is  very  doubtful,  but  possibly  it  may  have  served  as  a  protection 
for  the  projecting  portion  of  a  long  upper  tusk  like  the  similarly 
situated  process  on  the  mandible  of  the  Dinoceras. 

The  molars  and  premolars  are  in  an  excellent  state  of  preservation^ 
the  only  part  wanting  being  the  greater  portion  of  the  talon  of  m.  3. 
The  characters  of  the  molars  are  those  of  a  primitive  member  of 
the  SnidsB  in  which  the  selenodont  character  of  the  outer  cusps 
is  very  well  marked.    Each  molar  consists  of  two  pairs  of  cusps, 
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tbe  outer  one  of  eaoh  pair  being  distiaotly  selenodont.  In  the  first 
molar  the  antero-external  casp  is  somewhat  worn.  It  consists  of 
the  main  tubercle,  which  is  the  apex  of  a  V  of  which  the  arms  are 
slight  ridges,  which  rise  at  their  ends  into  small  tubercles ;  of  these 
the  anterior  is  situated  on  the  anterior  border  of  the  tooth,  while 
the  posterior  is  oonnected  by  a  slight  ridge  with  the  postero-external 
angle  of  the  inner  cusp.  The  postero-external  cusp  shows  the 
selenodont  character  still  more  plainly  :  its  small  anterior  accessory 
tubercle  partly  closes  the  main  transverse  valley;  the  posterior 
aooessory  tubercle  is  on  the  hinder  border  of  the  tooth.  The  internal 
cusps  are  trihedral  in  form,  so  that  iit  wear  they  also  show  a  tendency 
to  a  V-shaped  surface,  the  opening  of  the  V  of  the  anterior  cusp 
looking  backwards  and  outwards,  that  of  the  posterior  forwards 
and  outwards.  There  is  a  slight  development  of  the  cingulum  on 
the  outer  side  of  the  tooth,  most  marked  opposite  the  opening  of 
the  transverse  valley  and  near  the  anterior  end  of  the  tooth.  The 
next  molar  is  similar,  except  that  on  the  hinder  border  there  is 
a  minute  additional  tubercle  lying  internal  to  the  posterior  accessory 
tuberde  of  the  posterior  cusp.  In  the  last  molar  the  structure  is 
similar  as  far  as  it  is  preserved,  but  the  talon  is  almost  entirely 
wanting. 

Tlie  premolars.  The  anterior  premolar  is  a  compressed  tooth 
consisting  of  small  anterior  and  posterior  tubercles  and  a  high  main 
cusp.  In  the  next  there  is  a  small  oingular  ridge  in  front  of  the 
tooth,  and  tbe  main  cusp  is  much  larger  and  shows  a  tendency 
towards  division  into  an  outer  and  an  inner  tubercle.  In  wear  it 
gives  a  triangular  surface,  from  the  outer  angle  of  which  a  ridge 
runs  down  the  outer  face  of  the  tooth,  while  from  its  front  angle 
there  is  a  small  ridge  connecting  it  with  the  anterior  ousp,  and 
similarly  posteriorly  a  small  crest  unites  it  with  the  posterior  cusp. 
The  next  tooth  is  similar,  except  that  the  posterior  lobe  is  larger 
and  shows  a  tendency  to  give  a  V-shaped  surface  in  wear.  In 
pm.  4  the  division  of  the  main  ousp  is  complete ;  the  inner  element 
is  small  and  rounded,  the  outer  larger  and  V-shaped  in  wear.  From 
the  anterior  point  of  the  V  a  ridge  runs  to  the  small  anterior  ousp, 
while  from  the  posterior  a  low  ridge  unites  it  with  the  anterior 
limb  of  the  V-shaped  hinder  lobe.  To  the  inner  side  of  this  last 
there  is  a  trace  of  an  inner  cusp  corresponding  in  position  to  the 
postero-intemal  cusp  of  the  molar.  This  remarkable  mammal  is 
clearly  entitled  to  generic  distinction,  and  it  may  be  called  Oeniohyu$ 
mirus  in  allusion  to  the  remarkable  character  of  the  process  on  its 
mandible. 

The  dimensions  of  the  teeth  in  the  type-specimen  are : — 

pm.  1  

pm.  2  

pm.  3 

pm.  4  

m.  1  

m.  2  

m.  3  
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Leiig:th. 

Breadth. 

12  mm. 

7  mm. 

12    „ 

9    „ 

13    „ 

..        10   „ 

13    „ 

..         11    M 

15    „ 

11    „ 

17    „ 

..         13    „ 

?      , 

..         15    „ 
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OeniohyuB  fajumeniiSf  sp.  nov. 

Another  speoimen,  ooDsisting  of  a  portion  of  the  mandible  con- 
taining the  premolars  in  a  perfect  state  of  preservation,  was  also 
oollected.  This  may  be  taken  as  indicating  the  existence  of  a  second 
species  of  Qeniohyus,  since  the  teeth,  though  similar  in  general  form, 
differ  considerably  in  many  details.  The  chief  of  these  diflTerences 
are  that  the  main  cusp  is  already  distinctly  divided  in  pm.  2,  and 
the  hind  lobe  in  all  the  teeth  is  much  larger  and  more  distinctly 
selenodont. 

The  structure  of  the  teeth  is  as  follows  : — Pm.  1  is  strongly  com- 
pressed with  a  very  small  anterior  cusp  and  a  high  main  cusp,  from 
which  three  ridges  diverge  posteriorly,  one  running  down  the 
outer  face  of  the  tooth,  a  second  back  to  the  anterior  arm  of  the 
V-shaped  posterior  cusp,  the  third  inwards  down  the  inner  face 
of  the  tooth.     The  posterior  lobe  is  distinctly  selenodont. 

In  pm.  2  the  anterior  cusp  is  larger,  and  the  ridge  running  inwards 
from  the  main  cusp  bears  a  small  tubercle  at  its  inner  end.  The 
posterior  lobe  is  larger  than  in  pm.  1.  Pm.  3  has  a  larger  anterior 
tubercle,  and  the  cusp  on  the  inner  side  of  the  main  cusp  is  now 
nearly  as  large  as  that  element  and  is  clearly  separated  from  it.  The 
posterior  V  is  still  larger.  Pm.  4  is  similar,  except  that  the  small 
anterior  cusp  is  doubled,  the  posterior  lobe  is  still  larger,  and  there 
are  traces  of  a  small  postero-intemal  cusp. 
The  dimensions  of  the  premolars  are  : — 

Length.  Breadth. 

pm.  1        13  mm.        ...  7  mm. 

pm.  2        13    „  ...  8    „ 

pm.  3        16    „  ...         10    „ 

pm.  4        16    „  ...         12    „ 

EXPLANATION  OF  PLATE  VI. 

Fig.  1. — Left  upper  molars  and  premolars  of  Arnnoitherium  ondretDsi,  Lankester. 
„    2. — Left  lower  molars  and  premolars  of  the  same. 

The  two  specimens  figured  helong  to  one  individual,  which  is  the  type  of  the 
species.    Ahout  one-fourth  nat.  size. 
„    3. — Outer  face  of  last  upper  molar  of  the  left  side  of  Arsifwitherium  tittelif 
fieadnell. 

In  Fiffs.    1,   2,   and   3:   a.e.   anterior  column  of  molar;  p,e,  pofrterior 
column  of  molar ;  x,  anterior  inner  cusp ;  y,  posterior  inner  cusp. 
,,    4. — Upper  and  side  views  of  part  of  the  mandihle  of  Oentohytu  mints,  gen.  et 
sp.  nov.    Type-specimen.    About  two-thirds  nat.  size. 
«ym.  symphysis  of  mandihle  ;    x,  hackwardly  directed  process  on  lower 
border  of  mandihle. 


III. — Note  on  the  spkoiks  'Am.  plicatilis*  and  'Ajt,  biplsx* 

OP   SOWBRBT. 

By  Rev.  J.  F.  Blake,  M.A.,  F.G.S. 

THE  old  question  of  the  proper  interpretation  of  these  names, 
which  was  raised  by  Professors  Nikitin  and  Pavlov,  after 
their  visit  to  this  country  for  the  Geological  Congress  in  1888, 
to  whom  no  reply  was  made,  for  their  conclusions  could  scarcely 
be  denied,  has  been  raised  again  by  Miss  Healy  in  a  communication 
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to  the  Quart.  Journ.  Geol.  Soo.,  Feb.  1904.  As  these  conclusions 
^o  not  appear  to  be  well  known,  it  may  be  as  well  to  quote  them. 
Nikitin^  bajs:  "Having  found  in  the  British  Museum  the  original 
of  Am.  biplex,  Sow.  (t^b.  293,  fig.  1),  I  assured  myself  that  that 
original  presented  absolutely  the  Oxfordian  form  of  PerisphincteB 
of  the  group  of  P.  plieatilia,  by  the  character  of  its  numerous 
straight  rounded  ribs,  by  the  mode  of  enrolment,  by  the  constriction 
of  its  perfectly  visible  whorls,  and  lastly  by  the  matrix  ;  it 
showed  no  resemblance  to  the  Eimmeridgian  and  Portlandiau 
forms  described  in  France  and  England  under  this  name  .  •  . 
Mr.  Loriol  had  not  seen  the  original  of  Sowerby  .  .  .  but 
having  received  from  England,  under  the  name  of  A.  hipleXt  Sow., 
the  Portlandian  forms,  he  was  justified  in  giving  this  name  to  the 
same  form  from  Boulogne.  On  studying  the  English  Eimmeridgian 
forms  placed  in  the  museums  of  England  under  the  name  of 
A.  biplex  I  found  amongst  them  the  typical  form  of  A.  Pallaai,  D'Orb." 

Professor  Pavlov  deals  only  with  the  latter  species,*  saying, 
**  PeriBph.  biplex  (Pallasianus)  is  the  commonest  form  of  our  virgattta- 
beds,  and  its  synonymy  with  the  English  form  has  for  a  long  time 
been  recognized  " ;  and  again,  '*  Amongst  these  fossils  [enumerated 
by  Phillips]  Am.  biplex  can,  according  to  all  appearances,  be  placed 
in  synonymy  with  our  Periaph.  Pallasi,** 

TTiese,  then,  by  the  concurrence  of  two  well-qualified  observers, 
may  be  considered  settled  points  in  any  revision  of  our  Upper 
Jurassic  Ammonites.  But  it  may  well  be  asked  how  came  so  many 
English  geologists  thus  to  misname  their  own  species.  It  would 
appear  to  have  been  in  this  way.  Geologists  of  old  cared  less  for 
the  names  than  for  the  specimens  themselves,  and  when  Fitton  ^ 
submitted  his  fossils  to  J.  de  C.  Sowerby,  the  son  of  J.  Sowerby  and 
successor  in  the  Min.  Con.,  and  was  told  that  the  characteristic 
Ammonite  of  the  Kimmeridge  Clay  and  Lower  Portland  was  called 
Am.  biplex,  it  became  so  to  him,  and  to  all  who  followed  him,  without 
inquiring  into  the  name.  This  name  being  thus  occupied,  Phillips 
used  for  the  common  Mai  ton  fossil  the  other  name,^  as  the  only 
one  unoccupied,  referring  to  a  somewhat  similar  and  not  well- 
distinguished  Ammonite.  It  thus  became  '  Am.  plicatilie,*  and  was 
«o  understood  even  by  Nikitin  himself. 

^  Leaving,  however,  names  alone,  which,  though  useful,  may  some- 
times mislead  us,  it  is  common  knowledge  that  one  species  figured 
by  Loriol,  Damon,  Phillips  (Geol.  Oxf.,  pi.  xv),  and  Woodward,  is 
oharacteristic  of  the  Upper  Kimmeridge,  while  another  species,  figured 
by  Sowerby  in  pi.  293,  figs.  1,  2,  is  the  characteristic  fossil  of  the 
Cioralline  Oolite ;  but  as  to  the  species  figured  by  him  in  pi.  166, 
it  has  never  to  my  knowledge  been  found  in  sitH,  so  that  its  exact 
horizon  is  not  known.  This  being  the  state  of  affairs,  we  will  see 
how  much  further  we  are  carried  by  the  observations  of  Miss  Healy. 

^  '*  Excarsions  dans  les  Mos^s,  etc.,  de  TEurope  occidentale  '* :   Bull.  Soc.  Beige 
^ol.,  torn.  iii. 
'  "  Etudes  sur  les  couches  Jurassiques  et  Ci^tac^es  de  la  Russie.** 
»  "  Strata  between  the  Chalk  and  the  Oxford  OoUte." 
*  "  Geology  of  Yorkshire,''  p.  102. 
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With  regard  to  Sowerby's  Am.  pltcatilia,  we  seem  as  much  in  the- 
dark  as  ever.  We  cannot  be  sure  that  the  type  has  been  found. 
The  specimen  figured  by  Miss  Healy  is  one  which  *^  bore  no  label,'* 
and  it  by  no  means  appears  to  be  the  original  specimen  when  we 
can  **  compare  it  with  Sowerby's  original  figure  "  ;  though  perhaps^ 
the  presence  of  "  a  few  crystals  of  carbonate  of  lime  about  it "  could 
prove  that  it  is  the  type ;  nor  can  we  even  be  certain  that  it  belongs 
to  the  same  species,  though  this  may  be  probable.  If  there  is  one 
thing  on  which  Sowerby  may  be  depended,  it  is  to  give  indications 
by  which  his  specimens  may  be  recognized.  He  seldom,  if  ever, 
'  restores  '  his  pictures ;  but  in  this  case  we  find  a  broad  band  along 
the  periphery  which  he  would  have  to  imagine,  he  has  made  the 
bifurcations  originate  often  towards  the  inner  half  of  the  whorl,  he 
has  run  them  quite  across  some  suture-lines  and  has  omitted  all 
suture-lines  except  those  at  the  end,  even  omitting  to  mark  two 
deep  holes  which  are  left  by  them,  and  he  has  added  even  a  pro- 
jecting keel  beneath  the  siphuncle,  though  this  may  be  from  another 
specimen.  Nevertheless,  the  description  is  also  at  variance  with 
the  figure,  but  agrees  better  with  the  description  of  A.  hiplex,  as 
shown  by  placing  the  latter  in  italics  beneath  it. 

Discoid  radiated,       sides  flat,       front  round,  plain  in  the  centre. 

Discoid  costatedt  sides  depressed,  front  is  round, 
volutions  exposed,       radii  numerous,      equal,  straight, 

volulians  exposed,        casta  numerous,        small,      nearly  straight, 

furcate,         aperture  square  with  rounded  angles. 
split  over  the  front, aperture  oblong, narrower  near  the  front, which  isround. 
The   radii  do  not  branch  till  they  begin  to  turn  over  the  front, 
Costa  are  divided  into  two  branches  a  little  before  they  pass  over  the  front. 
in  the  centre  of  which  they  are  nearly  obliterated. 

It  is  seen  that  the  main  difference  indicated  is  in  the  character 
of  the  centre  of  the  periphery,  but  somewhat  similar  features  may 
be  seen  in  some  of  those  corresponding  to  tab.  293.  I  think, 
however,  they  are  specially  characteristic  of  shells  of  the  type  of 
tab.  166  (though  they  seem  to  be  referred  by  Miss  Healy  to 
wearing  only) ;  for  the  ends  of  the  half  ribs  are  obscurely  seen  in 
the  photograph  to  be  swollen  on  each  side  of  the  median  line ;  the 
other  differences  are  mismatched,  as  : — '  small  *  for  '  equal,*  '  nearly 
straight  *  for  *  straight,'  and  '  a  little  before'  for  '  not  till  they  begin.' 

We  shall  never  know  for  certain  where  Sowerby's  figured 
specimen  came  from  till  one  like  it  has  been  discovered  in  sitii  in 
the  same  sandy  stratum  at  Dry  Sandford  or  Marcham  with  the 
several  associates  recorded,  including  'Am.  excavatus,*  but  Phillips  says 
nothing  about  that  locality,  and  speaks  only  of  Headington.  Mean- 
while the  new  figure  most  resembles  two  specimens  in  my  collection 
from  the  summit  of  the  Trigonia-beds  of  Weymouth  (whence, 
in  fact,  Buckland  may  have  brought  his  unlabelled  specimen);  in 
which  case  it  represents  the  highest  zone  of  the  local  Goraflian. 
Its  nearest  foreign  equivalent,  already  recognized  in  the  British 
Islands,  is  Am.  Achilles  of  D'Orbigny  (Terr.  Jurass.,  pi.  206),  which 
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-shows  when  yoang  the  same  peculiarity  of  the  periphery,  and 
whose  sutures,  as  drawn  in  the  adult,  show  the  same  kind  of 
development  as  one  might  expect  from  the  smaller  examples, 
provided  that  both  figures  really  belong  to  one  species.  With 
regard  to  Sowerby's  figure  on  tab.  293,  fig.  1,  matters  are  plainer : 
it  represents,  as  already  stated,  the  typical  form  of  the  Yorkshire 
fossil  known  as  Anu  plicaiilia,  acknowledged  to  be  so  from  the 
intended  representation  of  it  in  pi.  iv,  fig.  29  of  the  3rd  edition  of 
the  **  Geology  of  Yorkshire,"  revised  by  R.  Etheridge ;  it  corresponds 
also  to  Sowerby's  description  of  A.  plicatilia  of  tab,  166,  which,  as 
already  noted,  so  far  agrees  with  that  of  tab.  293,  fig.  1.  It  was 
for  this  reason  I  supposed  Sowerby'^  specimens  had  probably  been 
(interchanged,  being  guided  by  Agassiz's  translation  of  his  work, 
•but  Miss  Healy  has  drawn  attention  to  the  character  of  the  matrix, 
which  I  had  entirely  overlooked,  which  puts  an  end  to  this  idea 
and  at  the  same  time  opens  up  new  considerations.  By  no  possibility 
oould  any  fossil  in  such  a  matrix  be  found  in  any  bed  at  Dry 
Sand  ford,  nor  in  any  of  the  Corallian  beds  at  Headington.  The 
fossil  in  itself  is,  however,  perfectly  normal,  but  it  has  been 
separated  septarially  along  a  calcite-filled  crack  running  principally 
nearly  parallel  to  the  median  plane.  This  has  raised  the  upper 
surface  and  separated  the  lower,  as  pointed  out  to  me  by  Mr.  Crick ; 
but  the  small  central  portion  is  quite  continuous  with  the  outer 
whorls,  on  the  upper  side  at  least. 

But  the  problem  is,  where  to. find  a  septarian  matrix  containing 
a  Corallian  fossil.  Looking  over  all  the  fossils  referred  to  Corallian 
•or  Oxfordian  strata  in  the  British  Museum,  one  only  was  noted  with 
a  similar,  very  similar,  matrix.  It  was  the  matrix  of  'Am.  varicoatatuB,*  ^ 
and  the  locality  given  was  **  Hackleton,"  which  is  in  a  drift-covered 
-district  about  5  miles  from  Northampton  towards  Bedford  or  15  miles 
from  Hawnes.  My  own  purchased  specimen,  locality  unknown, 
but  horizon  stated  as  "  Oxford  Clay,"  and  perfect  to  the  centre,  has 
also  been  preserved  in  a  septarium.'  The  specimen  of  Sowerby's 
pi.  293  has  evidently  been  knocked  out  of  a  similar  rock,  and  the 
second  fragment  has  a  similar  matrix.'  On  the  other  hand,  we  may 
naturally  look  for  such  specimens  in  localities  where  Corallian  rocks 
are  represented  by  clays,  and  especially  where  septarian  doggera 
are  recorded  as  occurring.  Such  are  found  near  the  summit  of  the 
•Corallian  clays  at  Ampthill  (see  Woodward,  "Jurassic  Bocks  of 
Briuin,"  vol.  v,  p.  136). 

From  these  conniderations  we  may  safely  conclude  that  the  fossils 
figured  as  A,  biplex,  but  usually  called  A.  plicatilia,  are  the  inside 
whorls,  very  likely  broken  out  of  the  middle,  of  larger  specimens 
called  j1.  varicoatatua.  The  latter  retain  the  old  age  characters, 
■though  such  characters   are  common  to   several   species.      There 

*  The  spelling  of  Buckland,  probably  an  oversight,  as  corrected  by  Phillipe. 

'  Supposed  at  first  to  be  from  Osmington,  but  wis  shows  that  it  was  not  so. 

3  After  the  proof  afforded  by  Mr.  Crick  of  the  Combrash  age  of  Nautilus  trunentus, 
stated  by  Sowerby  to  be  from  the  Lias  of  Keynsham,  we  cannot  place  too  much 
reliance  on  the  localities  given  by  the  latter. 
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\B  the  same  association  of  inner  and  outer  whorls  at  Headington^ 
Malton,  Pickering,  and  elsewhere,  at  least  in  different  specimens* 
The  most  perfect  representation  of  this  species  is  the  figure  given 
by  D'Orbigny  under  the  name  A.  hiplex  on  tab.  191,  192  of  th& 
Terr.  Jurassique,  corresponding  in  every  respect  down  to  the  sraallesi 
size  with  my  own  specimen.^  It  corresponds  also  with  the  sutures 
as  drawn  by  Miss  Healy,  if  these  were  taken  from  the  opposite 
side  of  the  shell,  were  drawn  in  the  usual  manner  with  the  lobes 
pointing  downwards,  and  shaded  dark  in  contrast  with  the  saddles. 
The  suture-line  is  rather  remarkable  for  the  breadth  of  the  dorsal 
saddle,  and  I  doubt  it  would  ever  broaden  out  from  such  as 
characterize  A,  plicatilia  of  Sowerby,  though  we  must  allow  some 
liberty  to  the  poor  Ammonites  while  growing. 

As  to  the  name  that  is  to  be  applied  to  this  fossil,  I  must  leave 
that  to  those  who  are  more  interested  in  the  question,  for  there  is 
plenty  of  choice.  If  we  could  be  sure  that  Nautilus  colubrinus  of 
Beinecke,  which  came  from  Staffelstein,  had  an  old  age  like  that  of 
ours,  its  name  might  be  the  earliest  (1818) ;  on  the  same  condition 
A,  plantdatus  of  Schlotheim  might  be  the  next  (1820).  Sowerby's 
name  of  hiplex  was  the  earliest  English  name  (1821),  but  it  included 
only  the  earlier  whorls.  Am,  instabilis  of  Phillips  (1829-35)  was 
the  next,  but  it  was  not  very  fully  described  and  it  was  unaccompanied 
by  a  figure.^  Buckland  in  1836  gave  the  first  complete  description 
and  figure  as  A.  varicostatua,  D*Orbigny,  in  1846  (?),  figured  it  as 
A.  hiplex,  but  described  it  in  the  text  as  A,  plicatilis ;  and  finally 
Oppel  in  1862  divided  it  and  gave  the  name  A.  MarUlli  to  the  perfect 
form.  For  myself  I  think  that  the  use  of  Buckland's  name,  though 
it  has  not  the  priority,  would  cause  the  least  confusion,  in  which  case 
both  of  Sowerby's  names  might  become  obsolete,  as  ill-distinguished 
and  of  doubtful  reference.  Possibly  the  object  of  nomenclature 
may  not  be,  after  all,  the  establishment  of  the  earliest  and  least 
understood  names,  but  the  prevention  of  confusion  as  to  what  you 
are  talking  about. 

IV. — FuRTHBB  Notes  on  the  Tbias  op  Devonshire,  with  special. 

BBFBBKNOE  TO  THE  DIVISIONAL  LiNB  BETWEEN   THE   BuNTER  ANI> 
THE   EbUPEB   in   that   BEGION. 

{Reply  to  some  Criticisms  hy  Mr.  Alexander  Somervail.) 
By  Alexander  Irvino,  D.Sc,  B.A. 

MR.  ALEXANDER  SOMERVAIL  has  been  so  good  as  to  send 
me  lately  a  paper  read  by  him  before  Section  0  of  the  British^ 
Association  at  Southport,  September,  1903,  and  printed  in  the 
Geological  Magazine,  Dec.  IV,  Vol.  K,  No.  472,  October,  1903. 
The  paper  contains  certain  criticisms  on  the  published  work  of 

>  It  is  marked  a«  triplicate,  but  obviously  it  is  usually  biplicate. 

'  In  1874,  in  the  3rd  edition  of  the  **  Geology  of  Yorkshire,"  this  name  was 
abandoned  for  Buckland's,  reference  being  made  to  **  pi.  xiv,  fig.  10,"  but  the  reference 
is  obviously  to  the  •*  Geology  of  Oxford,"  where  it  is  figured  with  Buckland's  name 
in  the  legend. 
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Professor  Hall,  F.B.S.,  and  myself  among  the  Bed  Books  of  the 
Sooth  Devon  ooast,  with  especial  reference  to  ''  the  Base  of  the 
Keuper  in  South  Devon."  I  desire  to  reply  here  to  Mr.  Somervail, 
and  in  so  doing  shall  have  to  refer  frequently  to  the  three  papers 
of  my  own  published  in  the  Quarterly  Journal  of  the  Geological 
Sooiety  in  the  years  1888,  1892,  1893,  and  to  the  paper  by 
Professor  Hull  in  the  same  Journal  in  the  year  1892.  For  the  sake 
of  convenience  and  brevity  I  will  refer  to  these  papers  by  certain 
letters,  as  below.^ 

Mr.  Somervail  states  (p.  460)  :  '*  There  is  only  one  point  in  which 
I  differ  from  these  authors  ;  it  is  in  relation  to  the  rocks  forming  the 
base  of  the  Eeuper  in  this  area."  He  states  further  that  "  in  the 
last  of  these  papers  both  authors  agree  to  regard  certain  breccias 
ooonrring  at  the  mouth  of  the  river  Otter,  and  again  at  the  mouth 
of  the  Sid  on  its  eastern  side,  as  the  basement  beds  of  the  Keuper." 
This  is  not  quite  an  accurate  statement,  seeing  that  the  base  of  the 
Reaper  along  the  Otter  Valley  was  definitely  worked  out  by  me 
after  Professor  Hull's  paper  (H)  was  published,  and  the  results 
given  in  paper  0  a  year  later.  In  the  discussion  which  followed  the 
reading  of  paper  G  at  the  Geological  Society  Professor  Hull  repeated 
his  assent  to  my  reading  of  the  district  so  far  as  the  basement-line 
of  the  Eeuper  was  concerned ;  and  at  the  same  time  gave  up  his 
previous  contention  that  the  great  marl  series  of  the  district  further 
west,  and  below  the  Budleigh  Salterton  Pebble-bed,  was  the 
representative  in  the  Devon  area  of  the  Lower  Bunter  of  the 
Midlands  and  the  Severn  country.^ 

Mr.  Somervail  tells  us  that  I  have  described  the  breccias  near 
the  mouth  of  the  Otter  ''as  calcareous  or  dolomitic  breccias  or 
conglomerates."     Here  there  are  two  slight  inaccuracies ;   for  (1) 

»  (A)    A.  Irving,  "The  Red  Rocks  of  the  Devon  Coast- Section  " :   Q.J.G.S., 
vol.  lUv  (May,  1888). 

(B)    **  Supplementary  Note  on  the  Red  Rocks  of  the  Devon  Coast- 
Section":  Q.J.G.S.,  vol.  xlviU  (Feb.  1892). 

(C)    **The  Base  of  the  Keuper  Formation  in  Devon":  Q.J.G.S., 

vol.  xlL\  (Feb.  1893). 

(H)  E.  Hull,  F.R.S.,  "A  Comparison  of  the  Red  Rocks  of  the  South  Devon 
Coast  with  those  of  the  Midland  and  Western  Counties":  Q.J.G.S., 
vol.  xlviii  (Feb.  1892). 
'  In  a  letter  to  me  afterwards  Professor  Hull  went  even  further,  and  declared 
himself  inclined  to  view,  in  the  light  of  these  later  facts,  all  the  so-called  Lower 
Bunter  of  the  Midlands  as  more  closely  related  to  the  Permian  than  the  Trias.  For 
my  part,  I  should,  in  the  light  of  my  work  in  Central  Germany  in  1883  (see  Q.J.G.S. 
for  August,  1884),  hesitate  to  go  so  far  as  that.  It  would  tend  to  drag  us  back  into 
the  Murchisonian  confasion  of  thought,  arising  from  insufficiency  of  observation, 
which  it  was  the  definite  purpose  of  that  paper  (and  of  one  supplementary  to  it  in 
the  Gbol.  Mao.  of  that  year)  to  clear  away.  My  contention  was,  and  is,  simply 
that  tiie  marl  series  of  Devon  are  the  equivalents  of  the  identically  similar  marls, 
which  are  interbedded  with  the  Magnesian  Limestone  beds  of  the  Permian  in  tho 
regions  to  the  east  of  the  Pennine  Chain,  and  conspicuously  so  in  Notts  ;  and  that 
the  Lower  Bunter  of  the  Midlands  is  wanting  in  the  basin  south  of  the  Mendip  Axis, 
even  as  Professor  Hull,  in  his  work  on  "  The  Permian  and  Triassic  Rocks  of  the 
Midland  Counties,"  has  shown  it  to  be  wanting  in  various  successions  in  th«  Severn 
country,  to  which  refersnces  are  given  in  my  papers.  See  further  my  paper 
**  Twenty  Years*  Work  at  the  Younger  Red  Rocks  ^*  (Geol.  Mao.,  August,  1894). 
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I  hieive  never  described  (I  believe)  the  breooias  as  *  dolomitio,'  and 
(2)  I  am  not  aware  that  I  ever  spoke  of  them  as  '  conglomerates ' ; 
on  the  contrary,  I  took  particular  pains  in  recording  my  close 
observations  of  the  breccia  at  the  Otter  mouth  (A,  p.  153)  to  show 
that  it  could  not  be  called  a  conglomerate,  on  account  of  the  extreme 
paucity  of  rounded  included  fragments.  Further,  I  had  no  evidence 
of  the  presence  of  magnesium  carbonate  in  the  rock,  without  which 
the  term  *  dolomitic '  would  not  be  justified. 

We  come  now  to  the  main,  point.  Mr.  Somervail  goes  on  to  say  : 
**  This  description  certainly  does  %iot  apply  to  the  alleged  breccias  on 
the  left  bank  of  the  Sid,"  emphasizing  by  italics  this  categorical 
denial.     This  requires  severe  examination. 

Mr.  Somervail*s  caricature  of  my  description  of  the  breccias 
{iupra)  does  not  apply  with  scientific  precision  to  either  of  them  at 
the  mouth  of  the  Sid  or  the  mouth  of  the  Otter  ;  but  my  description 
applies  to  them  at  both  places,  although  at  the  Sid  there  is  just  this 
difibrence,  that  the  breccia  is  not  so  massively  developed,  and  is  not 
quite  so  strongly  calcareous,  owing  probably  to  the  fact  that  the 
carbonate  of  lime  has  been  partly  leached  out  from  the  matrix  by 
longer  exposure.  I  have,  as  I  write,  lying  before  me  six  specimens 
of  the  breccias  in  question,^  which  were  labelled  at  the  time  when  my 
work  in  Devon  was  done,  and  have  only  lately  been  again  brought 
to  light.  Four  of  these  are  labelled  "  Basal  Breccia  of  the  Keuper, 
left  bank  of  the  Otter,"  and  on  two  of  these  is  written  the  reference 
"Q.J.G.S.,  vol.  xliv,  153"  (paper  A) ;  the  fifth  is  labelled  **  basal 
breccia  of  the  Keuper  at  Harpford  " ;  and  the  sixth  is  labelled 
'*  Calcareous  breccia,  base  of  the  Keuper,  mouth  of  the  Sid."  Of 
these  specimens,  as  judged  by  the  rough  test  of  the  same  dilute  acid, 
the  one  from  Harpford  and  two  of  those  from  the  Otter  mouth  are 
very  strongly  calcareous  (one,  indeed,  to  such  an  extent  that  the 
matrix  is  in  places  macrocrystalline) ;  the  specimen  from  the  mouth 
of  the  Sid  effervesces  rather  less  strongly  with  the  acid  than  those, 
but  more  strongly  certainly  than  the  remaining  two  specimens  from 
the  Otter  mouth.  Again,  a  comparison  of  them  reveals  the  fact  that 
while  the  breccia- structure  of  the  specimen  from  Harpford  and  of 
two  of  those  from  the  Otter  is  more  conspicuous  than  in  that  from 
the  Sid  (owing  to  the  larger  size  of  the  contained  fragments),  in  the 
remaining  two  from  the  Otter  that  is  not  the  case.  I  need  not 
repeat  here  what  I  wrote  some  fifteen  years  ago  as  to  my  hesitation 
to  fix  upon  the  Sid  breccia  as  the  base  of  the  Keuper  at  that  spot, 
until  confirmed  in  that  view  by  so  experienced  an  observer  as 
Professor  Hull,  who  brought  to  the  subject  his  trained  experience 
of  more  than  twenty  years*  work  in  the  Red  Rock  Series  of  the 
Midlands  and  the  Severn  country.  But  I  may  add  that,  in  my 
annotated  copy  of  paper  A,  I  find  the  following  marginal  note, 
made  at  the  time  of  my  visit  with  Hull : — "There  is  a  more  definite 
breccia  (true  base  of  the  Keuper)  forming  the  shelf  of  rock,  on 
which  the  ladder  rests  at  the  eastern  end  of  the  foot-bridge  across 

*  These  were  exhibited  at  the  meetings  of  the  Geological  Society  when  mj  papers 
weteread. 
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the  Sid.  It  contains  fragments  of  grit  and  qaartzite,  and  is 
^saloareons."  ^ 

So  the  bed  described  by  Professor  Hall  (H,  fig.  2)  as  **  a  basement- 
bed  of  hard  calcareous  breccia "  may  be  seen  to  be  no  fiction,  as 
48  implied  in  Mr.  Soraervairs  remarks.  The  hammer  told  me  it 
was  hard  as  compared  with  these  red  rocks  in  general.  Recollecting 
that  the  rocks  which  famished  the  fragments  lay  probably  to  the 
westward,  we  should  expect  to  find  the  brecciated  structare  less 
pronounced,  and  the  rock  itself  more  feebly  developed,  as  we  work 
•eastwards. 

Mr.  Somervail  makes  a  remark  in  his  paper  (p.  460)  as  to  difference 
of  the  line  of  strike  of  the  beds  in  the  Otter  and  the  Sid  valleys. 
That  is,  however,  but  a  glimpse  of  the  obvious,  it  adds  nothing  to 
evidence  either  way  and  need  not  detain  us. 

He  goes  on  to  say  :  "  The  Otterton  breccias  are  not  again  brought 
«ip  .  .  .  .  at  the  fault  at  the  Chit  rock."  Of  course  they 
are  not  found  there  on  the  east  side  of  the  fault,  but  that  rock — as 
both  Hull  and  I  have  recognised,  and  as  sections  in  and  about 
Sidmouth  show  to  an  unprejudiced  observer — is  Bunter,  and  there- 
fore at  a  lower  horizon  in  the  series.  They  do  not,  however, 
'*  occupy  a  much  lower  horizon,"  though  they  are  hidden  (doubtless) 
undergrouuil  some  distance  below  sea-level,  as  my  resuiing  of  the 
section  implies,  on  the  western  side  of  the  fault ;  and  they  crop  out 
in  the  Otter  Valley  two  miles  to  the  west  at  about  70  feet  O.D.  at 
places  mentioned  in  paper  C,  just  as  we  should  expect,  when  the 
faulting  visible  in  the  cliff-section  (to  which  1  have  drawn  attention 
in  my  three  papers)  and  the  slight  easterly  dip  of  the  Lower  Keuper 
beds  between  the  Chit  Bock  fault  and  the  Otter  are  allowed  for. 
Mr.  Somervail  appears  to  have  overlooked  the  faulted  synclinal 
(A,  p.  152)  visible  in  the  Keuper  strata  to  the  west  of  the  Chit 
Rock  faalt;  but  even  allowing  for  that,  I  do  not  think  I  have 
greatly  over-estimated  the  fault-throw  at  the  Chit  itself,  with  its 
mural  western  face;  the  estimation  being  based  on  a  comparison 
of  what  is  seen  at  the  Chit  Rock  and  to  the  west  of  it,  with  what 
is  seen  in  the  open  daylight  succession  in  the  cliffy  to  the  east  of 
the  Sid ;  and  I  venture  to  say  there  need  be  no  great  difficulty  in 
establishing  the  identity  of  horizons  on  both  sides  of  the  valley 
in  which  Sidmouth  lies  if  the  observations  recorded  in  my  paper  A 
(pp.-  150,  152)  are  duly  considered.  It  is  extremely  unlikely  that, 
if  we  could  restore  the  strata  which  have  been  destroyed  in  the 
erosion  of  the  intervening  valley  of  the  Sid,  and  restore  the  rocks 
on  either  side  of  the  fault  to  their  original  planes  of  deposition,  we 
ehould  find  the  150  feet  or  so  of  strata  marked  by  calcareous  con- 
cretions (A,  p.  150)  thinning  out  in  such  a  series  of  strata  to  the 

*  I  recollect  noticing  at  the  time  how  the  mouth  of  the  Sid  was  blocked  by  a  dam 
^f  shingle,  through  which  the  water  percolated  in  reverse  directions  at  high  and  low 
tide.  Is  it  worth  while  to  ask  if,  in  the  course  of  fifteen  years  or  so,  this  shingle- 
bank  may  not  have  been  driven  by  tidal  action  further  east,  and  covered  up  the  lower 
portion  of  the  section  as  Hull  and  I  saw  it,  with  the  obliquely  bedded  Bunter  Sand- 
stone below  the  breccia?  That  question  any  resident  in  the  locality  can  answer 
for  himself. 


Digitized  by  VjOOQ  IC 


170        Hr.  Alexander  Ining — The  Trias  of  Devonshire. 

few  feet  which  Mr.  Somervail's  ootnputation  requires  in  a  distance 
of  less  than  half  a  mile,  unless  we  assumed  some  great  unconformity 
and  overlap,  of  which  there  is  no  evidence  so  far  as  I  know. 

Mr.  Somervail's  statement  (p.  461)  *'FromOtterton  Voxxxt  eastwards^ 
these  [the  Otterton]  breccias  are  overlain  by  a  series  of  red  sand- 
stones/' etc.,  is  misleading.  No  such  succession  exists,  since  from 
Otterton  Point  the  coast  trends  nearly  due  north,  and  therefore  nearly 
along  the  line  of  strike  of  the  beds.  To  truly  estimate  the  thickness 
of  that  series — in  which  I  have  definitely  recognised  (paper  G)  the 
basement  beds  of  the  Keuper,  witli  the  Otterton  breccia  marking 
their  downward  limit — we  must  take  a  section  dve  west  from  ike 
Chit  Bock  fault  to  the  Otter,  a  distance  of  only  two  miles,  instead 
of  that  of  four  or  five  miles  along  the  line  ot  coast  No  one  has 
thought  of  applying  (as  he  seems  to  suppose  ^)  **  the  term  breccia  *^ 
to  these  sandstones,  but  near  their  base,  in  sections  described  by  me 
in  the  Otter  Valley  (paper  A,  p.  163,  and  paper  C,  pp.  80,  81),  they 
have  the  character,  not  of  breccias,  but  of  *'  brecciated  sandstones,'^ 
the  contained  fragments  being  sparsely  scattered  in  the  rock,  while 
even  the  basal  breccia  itself  is  here  and  there  repeated  in  them  for 
a  short  distance  in  the  upward  succession.  1  have  also  noted 
(paper  A,  p.  149)  that  on  the  eastern  escarpment  of  the  Sid  (above 
the  breccia  at  that  place)  the  same  current- bedded  sandstones  (which 
in  paper  A  were  erroneously  referred  to  the  Bunter,  but  in  paper  C 
were  referred  to  the  Keuper  basement  beds)  are  **  slightly  brecciated/^ 
and  contain  subordinate  *' current-bedded  breccias  in  a  marly  matrix, 
the  contained  fragments  being  mostly  of  indurated  red  marl." ' 
These  fragments  may  with  little  doubt  be  considered  as  derived 
from  the  red  marls  of  the  Permian;  and  their  presence  (if  that 
derivation  be  admitted)  tends  to  emphasize  the  stratigraphical  break, 
as  I  have  maintained  in  my  papers  as  existing  below  the  great 
pebble-bed,  which  runs  inland  from  Budleigh  Salterton,  and  con- 
stitutes the  terrain  of  the  Aylesbere  Hills. 

It  is  not  clear  to  my  mind  what  Mr.  Somervail  may  mean  when 
he  says  (next  paragraph),  "The  effect  of  the  fault  at  the  Chit  rock 
is  to  bring  up  ...  .  the  higher  portion  of  these  current-bedded 
sandstones."  If  he  means  that  the  Chit  Rock  is  a  portion  of  them, 
both  Hull  and  1  are  at  direct  issue  with  him ;  if  he  does  not  mean 
that,  it  is  difficult  to  see  the  logical  force  of  the  remark.  Of  course, 
the  beds  on  the  east  of  the  Sid  are  **  higher  in  the  series"  than  those 
of  the  Chit  Rock,  according  to  the  recognised  succession  of  the 
Bunter  and  Keuper  everywhere.  At  the  bottom  of  p.  461  he  seema 
to  dogmatise  as  to  the  thickness  of  the  sandstones  east  of  the  Sid, 
without,  so  far  as  I  can  see,  any  data  as  to  the  limit  of  their  down- 
ward extension.     Perhaps  it  may  be  useful  to  append   here   the 

^  Had  he  weighed  the  meaning  of  the  footnote  to  p.  153  of  paper  A,  he  might 
have  seen  that  it  was  intended  to  suggest  an  expluiation  of  the  ^^nobhly  and 
concretionary  structure  '*  of  which  he  makes  mention.  I  observed  it  as  a  later 
deyelopment  on  the  lace  of  the  cliff  (?).  Those  familiar  with  the  splendid  natural 
sections  of  the  Himlack  Stone  (Notts)  will  see  the  force  of  this  all  the  oetter. 

*  From  my  notebook. 
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following  note  (transcribed  from  my  notebook)  made  on  the  spot  in 
September,  1887  :— 

"  Escarpment  of  the  Sid. — Massive  false-bedded  sandstones ;  inter- 
calated marly  beds,  very  strongly  false-bedded  and  breooiated 
(mainly  with  indurated  fragments  of  red  marl).  Just  east  of  the 
Sid  [in  the  coast-section]  the  same  (marls  more  developed  with 
pale-green  layers) ;  next  sandstone  of  pale-grey  colour  (though 
reddened  on  the  cliff- face  by  rain- wash)  containing  angular  frag- 
ments of  dark-red  marl,  the  surfaces  of  these  being  grey,  from  the 
leaching  out  of  the  irony  colouring  matter." 

Here  we  have  a  record  surely  of  evidence  indicating  the  gradual 
transition  from  shallower  to  deeper  water  at  the  time  of  deposition 
of  the  beds  in  question,  lliese  more  or  less  brecciated  false-bedded 
sandstones  I  take  to  be  on  the  same  horizon  as  those  near  the  base 
of  High  Peak  Hill,  where  in  the  Lade  Hook  they  visibly  underlie 
the  more  compact  and  massively  bedded  sandstones,  so  characteristic 
of  the  Lower  Keuper,  both  in  the  Devon  sections  and  in  the  Midlands 
(see  paper  A,  pp.  150,^  151),  and  are  in  one  or  two  places  bored 
through  by  the  surf.  The  same  succession  may  be  observed  at 
Badfield's  Point,  beyond  whicii,  as  we  follow  the  coastline  (trending 
in  a  S.S.W.  direction),  these  irregularly  bedded  soft  sandstones  form 

Sbction  across  the  River  Otter  near  Otterton  Point,  Devon. 


'i--JLK, 


Esplaruxde  ^^'^"■S^S^^^^T^rVt^^yi   B.S. 


L.K.  Lower  Keuper  basement-beds,  in  which  pebbles  and  fragments  are  sparsely 
scattered.     B.  Breccia.     B.S.  Bunter  Sandstone. 

the  cliff-face  all  the  way  to  Otterton  Point.  There  we  recognise 
below  the  breccias  the  reappearance  of  the  Bunter  beds,  which  are 
faulted  np  at  the  Chit  Kock  and  described  by  me  (see  paper  A,  p.  153, 
and  C,  p.  81).  Mr.  Somervail  (p.  462)  speaks  of  these  breccias  as- 
"only  a  small  portion  of  still  lower  beds  of  the  same  nature  seen 
on  the  west  side  of  that  [the  Otter]  river,  and  extending  along  the 
Promenade  "  at  Budleigh  Salterton.  In  this  I  am  unable  to  follow 
him.  In  my  notebook  I  find  the  accompanying  sectional  drawing 
across  the  Otter,  made  on  the  spot,  which  represents  the  breccia 
with  the  overlying  brecciated  sandstones  as  exposed  on  the  same 
horizon  in  the  Esplanade  section.  The  beds  below  these  1  have 
already  relegated  to  the  Bunter  of  the  section  further  to  the  west 
(paper  A,  p.  153).  It  reminds  one  of  sections  in  the  Nottingham 
district 

In  conclusion,  I  cannot  admit  that  Mr.  Alexander  Somervail  has 
attained  the  object  of  his  paper  in  showing  '*  sufficient  evidence 
for  the  conclusions  that  the  Sidmouth  section  has  been  misread  by 

*  There  is  a  misprint  in  line  10,  p.  160,  where  "more  fully  developed"  should 
read  "more  feebly  oeveloped." 
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Professor  Hull  and  Dr.  Irving."  By  the  irony  of  fate  he  has  ohoseu 
for  the  reading  of  his  paper  the  very  plaoe  (Southport)  at  which . 
^  paper  hy  the  present  writer  (after  a  Summer's  work  in  Germany) 
carried  oonviotion  to  the  mind  of  Professor  Hull  as  to  the  trae 
divisional  line  between  the  Permian  and  the  Trias  in  England  and 
on  the  Continent.  See  Report  of  the  British  Association,  Soathport 
Meeting,  1883. 

Mr.  Somervail  has  been  good  enough  to  send  me  also  a  copy  of 
a  paper  read  at  Sidmouth  last  Summer.^  There  is  much  in  that 
paper  that  one  appreciates,  and  not  much  to  criticise  beyond  what 
one  has  already  dealt  with.  He  seems,  however,  to  spieak  of  the 
'  Waterstones  *  as  forming  the  base  of  the  Keuper  in  the  Midlands, 
^which  scarcely  harmonises  with  the  use  of  that  term  by  previous 
writers,  and  notably  by  Professor  Hull  in  his  classic  memoir  on  the 
Permian  and  Trias,  to  which  reference  has  been  made  above.  It 
<loes  not  reveal  any  intimate  acquaintance  on  the  writer's  part 
^ith  the  Midland  Bed  Bocks,  or  even  with  inland  sections  of  the 
Devon  series. 

As  to  Mr.  Somervail's  failure  and  that  of  his  **  friend  who  was 
visiting  Sidmouth"  to  find  the  breccia  east  of  the  Sid,  no  more 
remains  to  be  said  here,  each  rettder  being  left  to  draw  his  own 
inferences.  I  must,  however,  traverse  his  statement  that  ''the 
succession  of  beds  above  it"  is  not  the  same  in  both  sections  (of 
'the  Otter  and  the  Sid).  A  perusal  of  the  remarks  in  the  foregoing 
paper  will  show  why  here  I  am  also  at  issue  with  him.  I  admit 
that  there  is  not  such  a  full  development  of  the  false-bedded  base- 
ment beds  of  the  Eeuper  in  the  Sid  section  as  in  the  Otter  sections 
2^  miles  further  west ;  but  that  is  only  a  quantitative  di£ference,  not 
at  all  surprising  in  these  red  rocks  considering  the  conditions  under 
which  they  were  deposited.  He  speaks  of  an  "alleged  fault"  at 
the  Chit  Bock,  when  the  existence  of  the  fault  is  ''as  plain  as  a  pike- 
staff" (or  was  15  years  ago)  to  any  unprejudiced  observer.  Of 
course,  the  sequence  east  of  the  Sid  is  not  repeated  at  the  Chit, 
because  the  beds  have  been  destroyed  by  the  erosion  of  the  valley 
in  which  Sidmouth  lies. 


V. — Th*  UppByR  Chalk  op  North  Linoolmshirs. 
By  Abthub  Subnet. 

IN  the  Summer  of  1902  I  commenced  an  ezploi-ation  of  the  chalk- 
pits on  the  eastern  border  of  the  Lincolnshire  Wolds,  starting 
at  Louth  and  working  northward.  Mr.  W.  Hill  had  previously 
visited  this  locality,  and  had  proved  the  existence  of  the  zone  of 
JSolaster  planus  at  Boswell,  three  miles  north-west  of  Louth,  and 
also   at    Kirmington,   much   farther  north.'     Mr.   Jukes -Browne 

\  '*The  Red  Rocks  of  the  South  Devon  Coast,"  by  Alexander  Somerrail  (Trans- 
actions of  Devonshire  Association  for  the  Advancement  of  Science,  etc.,  vol.  jotxv, 
pp.  617-630). 

«  W.  Hill,  "  Note  on  the  Upper  Chalk  of  lincolnshire  " :  GioL.  Mao.,  Dec.  IV, 
Vol.  IX  (1602),  p.  404. 
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suggested  to  me  tbat  I  should  fry  and  obtain  fossilfl  from  the 
intermediate  pits,  and  thns  extend  the  work  commenced  by  Mr.  Hill. 
As  the  result  of  Tisits  to  about  thirty  pits,  ranging  from  near 
Louth  to  Barrow-on-Humber,  I  have  obtained  further  evidence  of 
the  zone  of  Holaster  planus,  and  also  some  indications  of  the  zone 
of  Micra$ter  earteatudinariutn, 

I  was  unable  to  find  any  other  sections  showing  beds  which 
could  be  regarded  as  the  exact  equivalent  of  those  seen  at  Boswell. 
These  latter  probably  lielong  to  the  lowest  part  of  the  Holaster 
planus  zone,  and  the  palseontologioal  evidence  now  available  seems 
to  show  tbat  the  outcrop  of  the  base  of  this  zone  lies  further  west 
than  was  originally  supposed  to  be  the  case.  In  the  quarry  at 
Boswell  (from  which  Mr.  Hill  obtained  Holaster  planus,  Mieraster 
ZesJcei,  and  Ananchytes  seutatus)  I  found  a  good  specimen  of  Holaster 
placenta  and  a  Mieraster  (species  doubtful). 

The  quarry  at  Aothorpe,  a  mile  and  a  half  north-west  of  Louth, 
is  the  most  southerly  point  in  Lincolnshire  from  which  Upper 
Chalk  fossils  have  been  obtained.  There  I  found  the  following : — 
Jnoeeramus  Cuvieri,  Bhynchonella  limhata,  Bhynehonella  Cuvxeri,  and 
Terd)ratula  camea.  Infulaster  eccentrieusy  Echtnoconus  globulus,  and 
Bhynchonella  limhata  had  been  previously  found  here  by  Mr.  Khodes, 
of  the  Geological  Survey. 

The  beds  exposed  in  the  quarry  three-quarters  of  a  mile  west- 
south-west  of  Fotherby  are  typical  of  those  seen  in  most  of  the 
pits  to  be  afterwards  mentioned  in  this  article.  The  section  is  as 
follows : — * 

it.  in. 

Broken  white  chalk      4    0 

Layer  of  grey  fuller's  earth      0    3 

Hard  white  chalk  with  flint  nodules 6    0 

Course  of  continuous  flint        .'        0    6 

Hard  creamy  chalk  without  flinttf        8    6 

Here  I  found  several  fossils,  viz. : — 

Serptila,  sp.  (small  spiral).  Rhynehtmella  Cuvifri. 

Eolaster  planu$,  Ostrea  normoniana. 

,,       placenta .  ,,      teaicularis, 

Ooniatter  {omxAo) .  ,,      sp. 

Ci/pho9wna  (spine).  Ifweeramus  Brongniarti  ? 

terebratula  eamea,  Flieatula  tigillina, 

Terebratulina  lata,  Septifei'  Uneatus, 
Kingena  lima. 

A  pit  near  Fotherby  Orange,  and  about  three-quarters  of  a  mile 
north  of  the  above,  yielded  the  following : — 

Serpula,  sp.  (small  spiral).  Hhynchonella  Cuvieri, 

Ih'ebratula  eamea,.  Holaster  planut  ? 

Terebratulina  lata. 

A  pit  half  a  mile  north-west  of  Lambcroft  shows  white  chalk 
with  flint  bands  of  a  peculiar  nature,  the  flint  being  intermingled 
with  lumps  of  white  chalk.  I  found  here  Bhynchonella  Cuvierir 
Kin^d  lima,  and  a  spine  of  Cidaris  perotnata. 

*  *'  Geology  of  part  of  East  Lincolnshire,"  p.  69. 
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Similar  beds  also  ocour  in  the  tipper  part  of  a  pit  a  quarter  of 
a  mile  sonth-west  of  North  Ormsby.  At  the  base  of  the  pit,  below 
the  lowest  band  of  imperfect  flint,  there  is  a  bed  of  cream*white 
-chalk,  which  yielded  Micraster  JOe$kei.  Other  fossils  found  in  this 
pit  were : — 

HoUuter^  sp.  Oatrea  vencularia, 
Jfoffos  pumtlut.  ,,      gp. 

Rhynehonella  Cuvieri,  Inoeeramui,  sp. 
Terebratulina  lata. 

It  is  not  improbable  that  the  upper  beds  of  this  pit,  together 
with  those  seen  at  Lamboroft,  belong  to  the  zone  of  Micra$ter 
coritBindxnarium, 

A  quarry  half  a  mile  east-south-east  of  North  Ormsby  yielded 
the  following : — 

Terebratula  earma.  Rhynehimella  Cuvieri, 

Kingena  lima,  Inoeeramus  Cfuvieri, 

Terebratulina  lata.  Holatter  placenta. 

Another  quarry  in  the  same  village,  to  the  north  of  the  ohnroh, 
showed  a  similar  section  to  that  seen  at  Fotherby,  with  the  following 
fossils: — 

Terebratula  eamea,  Ananchytee  scutatus, 

Rhynehonella  Cuvieri,  Inoeeramus,  sp. 

Serpula,  sp.  (small  spiral). 

The  same  lithologioal  features  were  visible  in  a  large  quarry  about 
half-way  between  North  Ormsby  and  Wyham,  from  which  I  obtained 
Hhynehonella  Cuvieri,  Kingena  lima,  Holasier  planus  {or  placenta),  and 
a  spine  of  Cidaris,  I  also  found  spines  of  Cidaris  aeeptifera  in 
a  small  pit  at  Wyham. 

There  are  two  quarries  at  Cadeby,  both  of  which  show  a  course 
of  the  imperfect  flint  previously  mentioned.  The  only  fossil  that 
I  could  find  was  Ostrea  vesicularia ;  the  lithologioal  character  of 
the  beds,  and  their  extremely  unfossiliferous  nature,  suggest  the 
possibility  that  they  belong  to  the  zone  of  Micraster  cortestudinarium. 

Further  west,  in  a  quarry  at  Wold  Newton,  I  found  Magae  pumilus, 
Bhynchonella  Cuvieri,  Holaster  planus,  and  Inoeeramus,  sp. 

Few  fossils  could  be  found  in  the  pits  at  Hawerby,  Ravendale, 
and  HatcUffe.  At  Hawerby  I  found  Terebratula  eamea,  Ostrea 
4)esievlaris,  and  Inoeeramus,  sp.  From  East  Ravendale  I  obtained 
^  broken  echinoderm,  which  is  possibly  Ananchytes  scutatus. 

The  quarry  near  Beelsby  Church  yielded  Terebratula  eamea^ 
Bhynchonella  Cuvieri,  and  a  species  of  Inoeeramus. 

The  quarry  half  a  mile  south-west  of  Irby  Church  shows  a  section 
^f  hard  chalk  with  tabular  flints,  and  scattered  flint  nodules.  Here 
I  found : — 

Molaster  planue  (or  placenta),  Spondyhu  latue, 

Terebratulina  lata,  Inoeeramus  Cuvieri* 

Rhynehonella  Guvieri. 

Continuous  bands  of  dark  flint  are  also  seen  in  a  pit  to  the 
^outh-east  of  Riby.    The  fossils  found  here  were  Holaster  planus 
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{or  placenta)  and  Bhynehonella  Cuvieri,  Judging  from  the  easterly 
position  of  this  quarry,  and  also  that  at  Irby,  it  seems  possible  that 
they  are  in  the  zone  of  Micraaier  corteatadinarium. 

The  quarry  a  quarter  of  a  mile  west  of  Gi'eat  Limber  Ghuroh 
is  of  interest,  as  it  yielded  some  rather  striking  specimens,  viz. : — 
Jnfulaster  eeeentricwi,  Parasmilia  centralis^  Rhynehonella  oetoplieata, 
and  Rhynchmella  Cuvieri.  The  Infulaster  is  a  fine  well-marked 
specimen,  and  is  the  second  which  has  been  found  in  Lincolnshire, 
<K>nfirming  the  occurrence  of  the  species  at  this  low  horizon. 

In  another  pit  about  half  a  mile  east-south-east  of  the  same 
Tillage  I  found  Spondylus  latu»,  Terebratula  earnea,  and  Ananehifiea 
^cutatuB. 

From  the  quarry  at  Limber  Parva  I  obtained  Holaster  plaaui  (or 
placenta)  and  Serpula,  sp.  The  section  here  is  very  much  overgrown, 
and  a  better  exposure  of  the  same  beds  is  to  be  found  in  the  quarry 
half  a  mile  south-east  of  Eirmington,  where  Mr.  Hill  obtained 
Holaster  planus.  I  also  found  here  a  specimen  of  that  echinoderm, 
together  with  Inoceramus  Cuvieri,  Kingena  lima,  and  Bhynchonella 
Cuvieri. 

In  a  quarry  three-quarters  of  a  mile  south  of  Ulceby  I  found 
Magas  pumilus,  Terebratula  camea,  Bhynchonella  Cuvieri  (or  reedensis), 
and  Ostrea  vesicularis. 

The  quarry  a  mile  west  of  Ulceby  shows  soft  white  chalk  with 
flint  nodules  and  several  layers  of  imperfect  flint  similar  to  those 
seen  at  Lamboroft  and  Gadeby.  The  fossils  obtainable  here  have 
consequently  a  special  interest,  and  those  I  found  were : — 

Mier after  eortestudinarium.  Terebratulina  lata  ? 

Hola$ter  planm  (or  placenta),  Rhyfiehonella  Cuvieri, 

Ostrea  veeieularis,  Terebratula  camea, 
Ehynehottella  reedensis. 

It  is  probable  that  this  pit  and  the  tract  of  chalk  which  lies  between 
Ulceby  and  Barrow  is  in  the  zone  of  Mieraster  eortestudinarium. 

Similar  beds  with  tabular  flints  are  seen  at  Wootton,  and  also  in 
a  large  quarry  three-quarters  of  a  mile  west  of  Thornton,  but  the 
only  fossils  found  were : — Inoceramus  Cuvieri,  Bhynchonella  Cuvieri, 
Bhynchonella  reedensis  ?  and  Terebratulina,  sp. 

From  a  large  quarry  south  of  Barrow  I  obtained  a  number  of 
fossils  as  follows : — 

Terebratulina  lata.  bhynchonella  reedensis, 

Terebratula^  sp.  Holaster  placenta. 

Magas,  sp.  Echinooorys  {Ananohytes)  seutatus. 

Kingena  lima,  Inoceramus,  sp. 

Rhynehonella  Cuvieri, 

Although  the  exact  correlation  qf  these  beds  with  the  chalk  zones 
in  other  parts  of  England  is  necessarily  a  matter  of  some  difficulty, 
Mr.  Jukes- Browne  considers  that  the  palsBontological  evidence  which 
I  have  obtained  establishes  the  existence  of  the  zones  of  Holaster 
planus  and  Micraster  eortestudinarium  in  North  Lincolnshire.  The 
extreme  rarity  of  fossils,  and  the  fact  that  we  have  to  deal  with 
isolated  exposures  separated  from  each  other  by  a  distance  of  a  mile 
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or  two,  renders  it  an  extremely  difficult  task  to  fix  the  dividing- 
lines  between  the  two  zones  and  between  the  Middle  and  Upper 
Chalk.  Further  research  in  this  distriot  will  no  doubt  throw 
additional  light  upon  this  subject  and  help  to  solve  some  of  the  stiU 
doubtful  problems  respecting  the  Lincolnshire  Ohalk. 

All  the  fossils  referred  to  in  this  article  have  been  examined  and 
named  by  Mr.  Jukes-Browne,  to  whom  I  am  in  many  ways  greatly 
indebted  for  advice  and  assistance. 

CLASSIFIED  LIST  OF  FOSSILS. 
Lambllibranchiata. 

InoceramM  Cuvieri,  Sbv.  Plicatula  tigtUina^  TToodw. 

,,        Brongniarti^  &by.  Septifer  lineatui,  Goldf. 

,y        (an  unnamed  species).  Ostrea  vesicularUf  Lam. 

,,        sp.  ,,      normamatiOy  d*Orb» 

Spondi/hts  latusy  Sby.  ,,      8p. 

Brachiopoda. 
MhynchoMlla  Cmifri,  d*Orb.  Kiugena  lima,  Defr. 

',,        /ii/i^^a,  Scbloth.  Terebrotula  eameaf^hy. 

,,        reedmttisy  £th.  Terebratulina  lata,  £th. 

,,       octoplicatay  Sby.  Magas  pumilu*,  Sby. 

ECHINODERMATA. 

Mieratter  Letkei,  Desm.  HoUuter  pUmm,  Mant. 

,,        cortMtttdinarium,  Goldf.  ,,       placenta,  Ag. 

„        8p.  AnanchgUa  iculatus,  Leske-. 

Cgphosoma,  Hp.  Cidaria  tetptiferaj  Mant. 
GoniattfTf  sp,  ,,       peroittata,  Forbes. 

Infithstei'  exemtrieus,  Forbes.  ,,        sp. 

Ax^'ELIDA. 

fierpnlaf  sp.  (small  spiral). 

ACTINOZOA. 

Paratinilia  centralis,  Mant. 
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ElKGDOM. 

The  Cbbtaoeous  Rooks  of  Britain.  Vol.  II :  The  Lower  ani> 
Middle  Chalk  of  England.  By  A.  J.  Jukes-Browne,  with 
contribations  by  William  Hill.  8vo  ;  pp.  ziii,  668,  map^ 
8  plates,  illustrated.     (London,  1903.     Price  10«.) 

THE  first  Tolume  of  tbis  series  of  memoirs  on  the  Cretaceous 
Rocks  was  reviewed  at  considerable  length  in  the  Oeolooioal 
Magazine  for  February,  1901.  In  that  review  some  idea  of  the 
plan  of  the  work  was  given,  and  it  will  now  only  be  necessary  to 
sketch  the  contents  of  the  present  volume,  which  brings  the  subject- 
matter  up  to  the  zone  of  Terehraiuiina  gracilis  in  the  White  Chalk. 

The  volume  opens  with  a  general  account  of  the  Chalk  as  a  whole 
and  a  history  of  its  subdivision  into  parts ;  an  account  of  considerable 
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• 
hifttorioAl  intereAt  and  valuable  ae  defining  the  position  taken  bj 
the  authors  in  dealing  with  their  subjeot 

Defining  next  the  <  Lower '  Chalk,  the  authors  point  out  that  thie 
is  divided  into  two  zones,  that  of  Ammonites  varians  and  that  of 
Rolaeier  embghboBW.  They  also  include  in  the  latter  the  Aetinoeammm 
plenuB  marls,  which  "  do  not  constitute  a  zone,  and  have  no  distinct 
zonal  fauna,"  and  they  follow  with  a  description  and  lists  of  the  fossils 
which  are  eharaoteristio  of  the  beds. 

Chapter  iii  deals  with  the  '  Lower '  Chalk  of  the  Kentish  coast, 
the  classical  section  of  which  is  to  be  found  between  Folkestone  and 
Dover,  and  was  the  subject  of  the  especial  study  of  Mr.  Hilton  Pricey 
who  divided  the  two  zones  up  into  nine  beds.  Some  slight  modi- 
fications of  Mr.  Price's  work  is  suggested  ;  beds  3  and  4  are 
united,  but  the  rest  seem  to  have  stood  the  test  of  recent  research. 
Leaving  the  coast,  a  general  description  of  these  beds  in  the  inland 
parts  of  Kent  and  Surrey  is  given,  and  Hampshire  and  Sussex  ar» 
similarly  treated,  attention  being  called  to  the  section  between 
Beaohy  Head  and  Eastbourne,  the  beds  in  which  are,  however,  too 
much  disturbed  to  allow  of  a  definite  section  being  given. 

Chapter  vii  introduces  us  to  the  Isle  of  Wight,  and  includes 
several  important  observations  both  as  to  the  sections  and  the  fossils, 
made  since  the  second  edition  by  Strahan  and  Reid  of  the  memoir 
on  that  island,  which  was  published  in  1889.  It  is  pointed  out 
that  the  use  of  the  words  '*  Chloritic  Marl "  is  continued  because 
it  is  convenient  and  has  been  so  long  in  use,  but  at  the  same  time 
the  green  grains  are  not  chlorite  and  the  matrix  is  not  a  marl. 

Chapters  viii-xix  deal  in  similar  manner  with  the  counties  of 
Dorset,  Somerset,  Devon,  Wilts,  Berks,  Oxford,  Bucks,  Beds,  Herts, 
Cambridge,  Suffolk,  Norfolk,  Lincolnshire,  and  Yorkshire  ;  and 
Chapters  xx  and  xxi  provide  a  useful  sketch  of  the  beds  of  similar 
age  in  the  north-east  and  north-west  of  France. 

The  Middle  Chalk  (the  lowest  beds  of  the  White  Chalk)  is 
defined  as  consisting  of  the  zones  of  Bkynchonella  Cuvieri  and  of 
TerehratuUna.  This  latter  zone  has  long  been  known  as  the  zone 
of  TerehraitUina  gracilie,  but  Dr.  Kitchin  is  quoted  as  pointing  out 
that  the  true  graeilis  is  confined  to  the  higher  beds  of  the  White 
Chalk,  and  that  the  form  so  common  in  the  TerehraiHlina  zone  seems 
to  be  that  called  T.  gracilis,  var.  lata,  of  Etheridge.  The  *  Middle ' 
Chalk  is  then  described  in  similar  detail  to  the  '  Lower '  Chalk,  the 
authors  proceeding  county  by  county  and  tabulating  a  vast  amount 
of  valuable  material  in  the  several  chapters.  We  see  here  for  the 
first  time  the  influence  of  the  careful  zoological  work  done  in  recent 
years  by  Dr.  Bowe,  of  Margate,  whose  collecting  has  more  definitely 
proved  the  boundaries  of  the  several  zones  of  the  White  Chalk. 
The  '  Middle '  Chalk  portion  of  the  memoir  closes  with  a  chapter 
on  the  French  equivalents,  allowing  a  comparison  to  be  made  at 
once  useful  and  convenient. 

Chapters  xxii,  xxiii  and  xlii,  xliii  are  written  by  Mr.  Hill,  and 
treat  of  the  microscopical  structure  of  the  rocks  described  in  the 
memoir.     Mr.  Hill  describes  the  macroscopic  aspect  of  the  rocks  and 
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the  mioTOsoopio  aspect  of  thin  sections,  giving  photomicrographs 
on  pis.  iv-viii.  He  describes  the  examination  of  the  residues  after 
washing,  lists  the  minerals  found,  and  tabulates  the  results.  He 
gives  a  summary  of  the  chemical  analyses,  and  lists  the  Foraminifera, 
the  species  of  which  were  determined  by  Mr.  Chapman.  The 
amount  of  valaable  information  thus  brought  together  enables  the 
authors  to  discuss  the  ''Evidence  of  current  action  at  the  base 
of  the  Chalk,"  "Limits  of  the  Chalk  Sea,"  " SedimenUtion,"  and 
the  "Depth  of  Water"  beneath  which  the  several  zones  were 
accumulated.  This  last  consideration  is  naturally  a  difficult  problem, 
and  no  definite  statement  is  possible.  But  the  general  considerations 
drawn  from  recent  sources  and  the  internal  evidence  available  for 
observation  "make  it  probable  that  the  Chalk  marl  of  the  south- 
eastern and  south-central  counties  was  formed  at  a  depth  approaching, 
but  probably  rather  less  than  400  fathoms."  Quoting  Dr.  Hume's 
conclusions,  the  authors  continue — "  it  would  seem  that  in  passing 
upwards  from  the  Chalk  marl  to  the  beds  of  nearly  white  chalk 
which  underlie  the  Belemnite  Marls,  we  ai-e  tracing  the  effects  of 
a  subsidence  which  carried  the  area  through  the  bathy metrical  limit 
of  400  fathoms,  and  that  the  zone  of  Molaater  auhglohosus  was  formed 
in  water  which  finally  approximated  to  a  depth  of  600  fathoms." 
Passing  on  to  the  lower  beds  of  the  White  Chalk,  the  authors  admit 
that  the  difficulties  are  greater.  "No  inference  as  to  depth  can 
be  drawn  from  consideration  of  the  mineral  particles,"  beyond  that 
"  it  [the  '  Middle  *  Chalk]  was  formed  in  clear  water  of  some  depth 
at  a  considerable  distance  from  land  and  in  a  region  where  there 
were  no  volcanoes."  The  evidence  of  the  animal  life  seems  to  be 
conflicting,  according  to  our  present-day  knowledge,  and  "  it  is  very 
probable  that  during  part  of  the  Middle  Chalk  time  the  depth 
exceeded  500  fathoms;  but  ....  there  seems  to  have  been 
a  recovery  by  upheaval  during  the  formation  of  the  Chalk  rock 
(zone  of  hblaater  planus),  consequently  the  time  of  greatest  depth 
was  probably  that  when  the  lower  part  of  the  Terebrattiltna  zone 
was  being  accumulated." 

II.— Qbundzijob  der  Palaontologib  (Palaozoologib),  von  Karl 
A.  VON  ZiTTBL,  Professor  an  der  Universitat  zu  Miinchen. 
Abtheilung  I :  Invertebrata.  Zweite  verbesserte  und  vermehrte 
Auflage.  Mit  1405  in  den  Text  ^redruckten  Abbildungen. 
Miinchen  und  Berlin,  Oldenbourg,  1903. 

Textbook  op  PALiEONTOLOGY  (Pal^ozoology).  By  K.  A.  von 
ZiTTBL,  Professor  at  the  University  of  Munich.  Part  I :  In- 
vertebrata. Second  edition,  revised  and  enlarged,  with  1405 
figures  printed  in  the  text.     8vo ;  pp.  viii,5o8.     (Price  16«.  6<J.) 

THAT  a  second  edition  of  a  work  so  valuable  to  all  students  of 
Palaeontology  as  the  **Grundzuge"  of  the  late  Professor  von 
Zittel  should  be  called  for,  after  the  lapse  of  nine  years  since 
the  issue  of  the  original,  is  not  a  matter  of  surprise.  It  is  greatly 
to  be  lamented  that  the  author  should  have  been  snatched  away  by 
his  fatal  malady  whilst  the  revision  was  in  progress,  so  that  he  was 
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only  able  to  complete  the  first  part,  relating  to  the  Invertebrate 
fossil  fauna,  and  see  it  through  the  press.  On  aooount  of  the 
increased  amount  of  subject-matter  this  new  edition  is  to  be  brought 
out  in  two  volumes,  the  first  of  which  is  now  before  us;  it  is 
furnished  with  an  index  so  as  to  be  complete  in  itself. 

It  is  well  known  that  about  four  years  ago  an  English  translation 
of  the  "  Grundziige "  appeared  under  the  title  of  "  Textbook  of 
Palaeontology."  It  was  edited  by  Dr.  C.  R.  Eastman,  of  Harvard 
University,  a  former  student  of  von  Zittel,  assisted  by  several 
collaborators,  who  were,  with  two  exceptions,  American  authorities 
of  special  eminence  in  their  respective  subjects.  By  these  authors 
most  of  the  fossil  groups  in  the  "  Grundzuge  "  were  revised  to  such 
an  extent  that  the  system  of  classification  in  the  new  Textbook  could 
not  rightly  be  claimed  as  the  same  as  that  in  the  "Grundzuge." 
And  that  it  was  so  regarded  by  American  palssontologists  is  shown 
in  a  published  review  of  it,  by  one  of  their  number,  from  which  the 
following  is  an  extract : — 

"  PalsBontologioal  science  is  certainly  beholden  to  Wachsmuth, 
Sladen,  Ulrich,  Schuchert,  Dall,  and  others  for  their  labours  of  love 
in  trying  to  make  this  an  authoritative  and  trustworthy  textbook. 
How  well  they  have  succeeded  remains  to  be  determined  after  the 
book  has  been  used  in  the  laboratory.  The  improvement  is  so 
marked  over  the  German  edition,  the  '  translation '  contains  so  little 
from  the  original,  and  the  '  reviKion'  is  so  complete,  that  the  question 
naturally  arises  whether  Dr.  Eastman  could  not  just  as  well  have 
gone  a  little  further  in  his  work  and  made  it  a  textbook  by 
American  authors,  which  would  have  held  the  same  place  among 
English-speaking  people  as  the  original  Handbuch  does  among 
Europeans."  * 

That  Professor  von  Zittel  did  not  agree  with  the  extensive  and 
important  alterations  introduced  in  the  translation  (so-called)  of  his 
**  Grundzuge  "  is  shown  in  his  preface  (in  German)  to  the  Textbook, 
in  which  he  points  out  some  of  the  difficulties  and  discrepancies 
resulting  from  the  collaboration  of  a  number  of  specialists  whose 
views  on  systematic  classification  agreed  neither  with  bis  own  nor 
with  each  other.  As  a  specially  unfortunate  instance  he  quotes  the 
fact  that  in  the  Textbook  the  ChsBtetidsd  and  FistuliporidaB  are  in  one 
part  treated  as  belonging  to  Corals  and  in  another  referred  to  the 
Bryozoa !  In  this  new  edition,  moreover,  von  Zittel  rejects  most  of 
the  alterations  made  in  the  Textbook,  and  holds  fast  to  the  classi- 
fication of  the  first  edition  of  the  ''  Grundziige,"  which  is  more  in 
accord  with  the  views  of  German  palaeontologists  than  with  thos^ 
of  America. 

Without  pretending  to  any  detailed  criticism,  a  few  remarks  may 
be  made  on  the  contents  of  this  volume.  And,  first,  it  is  noticeable 
that  no  addition  or  alteration  appears  to  have  been  made  in  the 
description  and  distribution  of  Foraminifera,  Badiolaria,  and  Porifera, 
^hich  remain  the  same  as  in  1895,  though  we  should  have  looked 
for  some  reference  to  the  fresh  discoveries  of  Radiolaria  in  the 
^  Jom-nal  of  Geology,  Chicago,  vol.  iv,  1896,  p.  738. 
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Pal»ozoio  rooks  of  this  country  and  other  regions  in  the  interval ; 
and  no  mention  is  made  of  the  occurrence  of  fossil  representatives  of 
the  Lithonine  Galcisponges. 

In  the  chapter  on  the  Corals  a  valuable  addition  has  been  made 
by  the  very  clear  description  of  the  microscopic  structure  of  their 
skeleton,  accompanied  by  excellent  figures,  which  has  been  con- 
tributed by  Mrs.  Dr.  Ogilvie  Gk)rdon.  Von  Zittel  still  retains  the 
Tetracoralla  or  Bugosa  as  a  distinct  order  of  the  Madreporaria 
sclerodermata,  on  the  ground  of  its  possessing  a  combination  of 
characters,  including  that  of  the  feather-like  arrangement  of  the  septa, 
which  never  occur  in  the  Hexacoralla.  The  classification  of  the 
Hexacoralla  follows  the  system  of  Dr.  Ogilvie  (Gordon,  and  the 
Aporosa  and  Perforata  are  not  continued  as  independent  groups. 

The  families  of  the  Favositidse,  Chsdtetidao,  and  Monticuliporida^ 
are  placed,  with  some  others,  near  the  Alcyonaria,  but  their 
systematic  position  is  considered  doubtful.  The  Monticuliporidae^ 
and  its  allies  are  treated  very  briefly,  in  strong  contrast  to  the 
elaborate  description  of  the  group  by  Ulrioh  in  the  Textbook,  where 
they  are  referred  by  him  to  the  Bryozoa,  and  the  evidence  strongly 
supports  this  view  of  their  position. 

The  recent  work  of  Bather  and  of  Jaekel  on  the  Gystoidea  ha» 
necessitated  a  rearrangement  of  this  division,  which  is  now  placed 
in  the  orders  of  Thecoidsd,  Jaekel,  Oarpoidas,  Jaekel,  and  Hydro- 
phoridsd,  Zittel. 

The  classification  of  the  Braohiopoda  in  the  first  edition  of  the 
'*  Grundziige "  was  based  on  that  of  Thomas  Davidson,  and  it  is 
continued  substantially  the  same  in  the  present  one,  though,  of 
course,  due  mention  is  made  of  the  systems  of  Beecher  and  of 
Schuchert,  which  depend  mainly  on  the  embryological  features 
of  these  organisms. 

Also  with  respect  to  the  Cephalopoda,  in  the  description  of  which 
the  author  was  assisted  by  his  friend  Dr.  Pompeckj,  the  classification 
of  1895  is  retained  with  some  needful  modifications,  and  that  of  the 
late  Professor  Hyatt  in  the  Textbook  is  passed  over,  the  author 
remarking  that  it  might  be  considered  as  an  original  treatise,  much 
of  which  related  to  facts  which  had  not  previously  been  published. 

In  conclusion,  we  venture  to  think  that  apart  from  its  own  merita 
this  volume  will  be  highly  valued  by  palaeontologists  as  the  final 
work  of  a  great  master  of  the  science,  who  spared  no  efibrts  in  his 
devotion  to  it,  and  died,  as  he  had  lived,  in  its  service. 


III. — Thi  Fossil  Plants  of  the  Cabbonifbrous  Books  of 
Canombib,  Dumfbiesshibe,  and  of  Pabts  of  Cumbbbland  ami> 
NoBTHUBfBBBLANO.  By  B.  EiDSTON.  Traus.  Boy.  See.  Edinburgh, 
vol.  xl,  pt.  4  (No.  31),  pp.  741-833,  with  6  plates. 

IN  the  February  number  of  the  Qeological  Magazine  (p.  82),  a 
notice  appeared  of  a  memoir  by  Messrs.  Peach  and  Home  on 
the  geological  structure  of  the  Canonbie  Coalfield  of  the  Scottish 
borderland.    The  present  paper  by  Mr.  Eidston  forms  an  important 
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oontribution  to  the  fossil  flora  of  the  same  district.  The  SQCcessiou 
H>f  CarboDiferous  rocks,  both  Upper  and  Lower,  is  here  very 
perfect,  ranging  from  the  Oalciferous  Sandstone  to  the  Upper  Coal- 
measures.  The  presence  of  true  Upper  Coal-measures  in  this 
ooalfield,  with  its  characteristic  flora,  is  especially  remarkable. 
This  horizon  has  previously  only  been  found  in  Britain  in  the  three 
Southern  coalfields  of  South  Wales,  Somerset,  and  the  Forest 
of  Dean. 

Mr.  Kidston*s  paper  also  contains  the  most  important  contribution 
to  the  Lower  Carboniferous  flora  of  Britain  which  has  so  far  been 
published.  A  large  number  of  species  are  described  from  the 
<>aIciferous  Sandstone  series,  or  its  geological  equivalents,  of 
Dumfries,  Cumberland,  and  Northumberland.  Figures  of  several 
of  these  plants  are  given,  in  addition  to  new  species  of  Sigillariaf 
Stigmaria,  Pinakodendron,  and  Falaostaehya,  and  a  new  genus 
E$kdaUa  from  various  horizons. 


IV. — An  Attempt  to  Classify  Paubozoio  Batbaohian  FooTPBnfTS. 
By  Dr.  G.  F.  Matthew.  Trans.  Roy.  Soc.  Canada,  ser.  ii,  voL  ix, 
sec.  iv,  p.  109. 

New  Geneka  of  Batbaohiam  Footprints  of  the  Cabbonifebous 
System  in  Eastebn  Canada.  By  G.  F.  Matthew,  LL.D. 
Canada  Rec.  Sci.,  vol.  ix.  No.  2,  p.  99,  1903. 

f  imES£  two  articles  are  complementary.  The  first  is  a  survey 
X  of  the  described  Carboniferous  and  Devonian  footprints  of 
America,  with  an  attempt  to  classify  them  under  generic  heads. 
It  was  found  that  diverse  genera  had  been  described  under  one 
generic  name,  and  that  closely  related  tracks  had  been  described 
under  different  generic  names  by  various  authors.  A  table  is  given 
to  exemplify  this ;  in  the  table  the  genera  are  divided  into  related 
groups,  based  on  the  number  of  toe-marks  and  the  general  aspect 
of  the  footprint.  The  principal  authors  who  have  described  these 
tracka  are  King,  Leidy,  Lea,  Butt,  Marsh,  and  Dawson.  The  chief 
places  where  these  footprints  have  been  found  are  the  coalfields  of 
Eastern  Pennsylvania,  of  Kansas,  and  of  Nova  Sootia.  Some  of  the 
types  are  common  to  several  of  these  regions. 

In  his  second  article  Dr.  Matthew  gives  figures  and  descriptions 
-of  a  number  of  new  genera  of  Batrachian  footprints  from  the  Lower 
Oarboniferous  and  the  Coal-measures  of  Nova  Scotia.  The  smaller 
forms  are  from  the  Joggius  Coalfield,  a  larger  one  from  the  coalfield 
-of  Sydney,  Cape  Breton,  and  another  large  one  from  the  Lower 
Carboniferous  of  Parrsboro*,  N.S.  The  figures  show  great  diversity 
of  type,  and  justify  the  reference  to  diflferent  genera. 

The  material  described  is  mostly  in  the  Redpath  Museum  of 
McGill  University,  Montreal,  and  is  a  part  of  the  large  oolleotions 
made  by  the  late  Sir  J.  W.  Dawson.  Three  plates  of  figures 
4tocompany  the  first  article  and  one  the  second. 
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QSOLOGIOAL  SOOIKTT  OF  LOMDOM. 

I.— February  19th,  1904.— Sir  Archibald   Geikie,  So.D.,  D.C.L^ 
Sea  B.S.,  Vice-President,  in  the  Chair. 
Annual  Osnkbal  Mkktikg. 
The  Chairman  read  the  following  letter  which  had  been  addressed 
to  him  by  the  President : — 

February  9th,  1904. 
*<  Dear  Sir  Archibald, 
«  Please  kindly  conyey  to  the  Council,  the  Officers,  and  the  Fellows  of  the 
Geological  Society  my  sincere  regrets  that  I  am  not  yet  well  enough  to  attend 
the  ijmiyersary  Meeting,  and  personally  thank  them  for  the  honour  tiiey  iNud 
me  in  making  me  their  President,  and  for  their  unfailing  goodness  to  me  during* 
my  tenure  of  office. 

**  I  shall  also  be  grateful  if  you  will  congratulate  on  my  behalf  the  new  President 
and  the  recipients  of  Medals  and  Awards ;  and  assure  the  Fellows  of  my  constant 
sympathy  with,  and  faith  in,  the  continued  progress  of  the  Society,  and  of  my  hope 
to  be  soon  once  more  amongst  them  as  a  fellow -worker. 

<*  Thanking  Mr.  Teall  and  yourself  for  your  great  kindness  in  taking  over  my 
Presidential  work  for  me  during  my  illness,  and  so  relieving  me  of  all  responsibility,. 

**  I  remain,  dear  Sir  Archibalo, 
Sincerely  yours, 
"  Sir  Archibald  Geikie,  D.C.L.,  Sec.R.S."  Charles  Lapworth. 

A  telegram  expressing  the  Society's  sympathy  with  Professor 
Lapworth  and  good  wishes  for  his  prompt  convalescence  w£ts,  with 
the  approval  of  all  the  Fellows  present,  despatched  to  him. 

The  Reports  of  the  Council  and  of  the  Library  and  Museum 
Committee  for  the  year  1903,  proofs  of  which  had  been  previously 
distributed  to  the  Fellows,  were  then  read. 

The  reports  having  been  received  and  adopted,  the  Chairman 
handed  the  Wollaston  Medal,  awarded  to  Professor  Albert  Heim, 
of  Ziirich,  to  Mr.  J.  J.  H.  Teall,  M.A.,  F.R.S.,  for  transmission  to 
the  recipient,  addressing  him  as  follows  : — Mr.  Teall, — 

The  CouncO  of  the  Geological  Society  of  London  have  awarded  to  Professor  Heim 
the  highest  honour  which  they  have  to  bestow,  the  Wollaston  Medal,  in  recognition 
of  the  value  of  his  researches  concerning  the  mineral  structure  of  the  £arm,  and 
more  especially  of  his  contributions  towards  the  elucidation  of  the  structure  of 
mountain-masses,  as  illustrated  in  the  chain  of  the  Alps.  In  his  great  monograph, 
the  **  Mechanismus  der  Gebirgsbildung,'*  he  traced  with  remarkable  skill  the  influence 
of  plication  in  the  terrestrial  crust,  following  this  influence  step  by  step  from  the 
distortion  and  fracture  of  organic  remains  in  hand-specimens  up  to  the  most  gigantic 
foldings  which  have  comprised  a  vast  mountain-chain  in  their  embrace.  Hin- 
researches,  however,  have  not  been  confined  to  the  internal  structure  of  the  Alps. 
He  has  devoted  himself  with  not  less  enthusiasm  and  success  to  the  study  of  their 
glaciers  and  their  landslips.  Gifted  with  no  ordinary  artistic  power,  he  has  been  able 
to  enrich  geological  science  with  a  valuable  series  of  landscape  drawings  and  sections, 
in  which  uxe  intimate  relations  of  geology  and  topography  are  admirably  delineated. 
His  latest  achievement  in  this  department  is  a  large  model  of  the  massif  of  the 
Hohe  Santis,  which  was  exhibited  at  the  recent  meeting  of  the  International 
Geological  Congress  in  Vienna.  It  was  admitted  by  the  assembled  geologists  to 
be  probably  the  most  accurate  and  beautiful  model  of  a  mountain -group  that  had 
ever  been  constructed.  We  may  judge  of  the  labour  and  enthusiasm  spent  on  it 
from  the  fact  that,  besides  climbing  to  every  crest  of  that  rugged  tract,  Prof.  Heim 
made  many  ascents  in  a  balloon,  so  as  to  obtain  detailed  and  comprehensive  bird's-eye 
views  of  the  whole  region  which  he  wished  to  depict.  In  asking  you  to  be  so  good 
as  to  transmit  to  him  this  Medal,  I  would  request  you  to  convey  with  it  an  expression 
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of  our  warmest  wishes  for  a  long  continiiance  of  the  mental  and  bodily  activity  which 
he  has  so  unsparingly  devoted  to  the  interests  of  our  science. 

Mr.  Teall,  in  reply,  read  the  following  translation  of  a  letter 
which  had  been  forwarded  by  the  recipient : — 

*<  I  much  regret  that  my  duties  here  make  it  impossible  for  me  to  be  present 
at  your  annual  meeting,  and  that  I  am  therefore  unable  in  person  to  express  my 
thanks  for  the  honour  which  you  are  conferring  upon  me. 

*'  It  may  perhaps  interest  you  to  know  the  circumstances  which  led  me  to  turn  my 
attention  to  geology.  When,  at  the  age  of  nine  years,  I  visited  the  Alps  for  the 
first  time,  in  company  with  my  father,  the  mountains  appealed  to  my  youthful 
imagination,  and  I  then  conceived  the  idea  of  representing  them  not  only  on  paper 
but  also  in  relief.  I  accordingly  attempted  to  model  them  in  clay,  workmg  at  f&st 
directiy  from  nature,  and  afterwards  oy  the  aid  of  the  topographic  maps  which 
were  then  appearing.  I  soon  found  that  one  can  only  represent  correctiy  that  which 
one  understands,  and  I  was  thus  led  to  study  tiie  intend  structure  as  well  as  the 
external  form  of  the  mountains. 

'*  At  the  age  of  sixteen  years  I  had  prepared  a  model  of  the  Todi  group  on  a  scale 
of  1 :  25,000.  Arnold  Escher  von  der  Linth  heaid  of  this  model,  and  came  to  see  it 
at  my  own  home.  This  was  the  first  time  that  I  saw  that  illustrious  man.  He 
invited  me  to  accompany  him  on  a  geological  excursion,  and  from  that  time  onward 
I  looked  up  to  him  as  my  revered  master.  Thus  the  pleasure  which  I  derived  from 
my  early  visits  to  the  mountains  and  my  desire  to  represent  them  in  relief  led  me 
naturally  to  the  stud^r  of  ^lo^. 

"  In  receiving  this  high  nonour  at  your  hands,  I  remember  with  heartfelt 
gratitude  the  instruction  and  encoiuwement  that  I  have  derived  from  a  study  of  the 
literature  and  geology,  and  especiafly  from  personal  intercourse  with  the  fellow- 
workers,  of  the  great  nations  which  lie  beyond  my  own  small  fatherland.  Among 
these  I  reckon  the  British  Empire  as  especially  deserving  of  my  gratitude.  More 
than  35  years  ago  I  derived  inspiration  as  a  student  from  a  study  of  the  works 
of  Sir  Charles  Lyell,  and  since  tnat  time  have  continued  to  hold  intercourse  with 
British  geologists — many  of  them  Fellows  of  your  Society — and  to  study  their 
writings  and  collections. 

'*  I  am  conscious  that  my  work  is  very  imperfect,  and  that  in  it  error  is  mixed 
with  truth.  My  life  is  unfortunately  so  overburdened  -with  official  and  private 
duties  that  I  have  but  little  time  for  original  research ;  yet  I  am  filled  with  an 
earnest  desire  to  do  more,  for  I  recognise  that  in  such  research  is  to  be  found  the 
greatest  happiness  that  human  life  can  afford. 

**  It  seems  to  me  that  the  work  which  I  have  accomplished  does  not  entitle  me  to 
this  honour.  I  prefer  rather  to  regard  it  as  the  recognition  of  a  sincere  effort  to 
extend  our  knowledge,  and  I  can  assure  you  that,  so  far  as  in  me  lies,  the  remainder 
of  my  life  shall  be  devoted  to  this  object.  You  have  given  me  a  fresh  stimulus — 
a  new  encouragement.     I  thank  you  from  the  bottom  of  my  heart." 

The  Chairman  then  presented  the  Murchison  Medal  to  Professor 
George  Alexander  Lebour,  M.A.,  M.Sc,  addressing  him  in  the 
following  words : — Professor  Lebour, — 

The  Council  have  this  year  awarded  to  you  the  Murchison  i  Medal,  in  recognition  of 
the  importance  of  your  contributions  to  our  knowledge  of  the  Carboniferous  and  other 
rocks  of  the  North  of  England.  For  thirty  years  you  have  been  engaged  in  these 
researches,  which  have  resulted  in  more  accurate  determinations  of  the  stratigraphy 
of  the  Carboniferous  System  of  Northumberland,  and  more  satisfactory  correlations 
of  the  various  divisions  of  that  system  throughout  the  northern  counties.  In 
conjunction  with  Mr.  Topley  you  brought  forward  convincing  evidence  that  the 
famous  Whin  Sill  is  an  intrusive  sheet,  and  not,  as  some  observers  had  supposed,  an 
intercalated  lava.  Your  papers  on  the  salt-measures  and  on  the  Marl  Slate  and 
Yellow  Sands  of  your  district  have  likewise  added  to  our  knowledge  of  these 
formations.  This  original  work,  however,  has  for  many  years  been  carried  on  in 
the  intervals  of  a  life  primarily  devoted  to  the  teaching  of  geology,  and  we  wish 
to  mark  our  sense  of  tne  value  of  your  educational  labours  as  a  rrofessor  in  the 
Universi^  of  Durham.  As  one  who  in  former  days  served  under  Murchison,  you 
will  doubtiess  value  this  medal  as  another  link  connecting  you  with  that  great 
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mMter  of  our  seienoe.  I  may  pertiAps  be  pemitted  to  add  an  eipressioB  of  my  o^n 
^tificatioii  that,  looking  back  on  my  early  associatkni  with  you  as  a  eolliMigve 
m  the  Geological  Survey,  it  has  fallen  to  me  to  hand  you  tc^-day  this  mark  of 
appreciation  from  the  Council  of  the  Geological  Society. 

Professor  Leboar  replied  as  follows : — Sir  Archibald  Geikie, — 
Mv  feelinffs  on  this  oocaaion  are  divided  between  regret  at  the  absence  of  mv 
old  triend  lYofessor  Lapworth  and  gratification  at  receiving  the  Kedal  which 
eommemorates  my  first  chief,  Sir  Roderick  Morchiscm,  from  the  hand  of  one 
who  was  his  favouiite  colleague,  his  sucoessor,  and  his  biographer.  An  award 
saoh  as  this  is  of  the  greatest  value  to  a  teacher:  it  oonfinns  his  pupils  in  the 
trast  which  they  place  in  him,  and  at  the  same  time  gives  him  oonfidence  m  carryiag 
on  his  own  work.  In  my  case,  I  will  not  be  so  prQsumptuous  as  to  question  the 
propriety  of  the  Council^  deciden,  however  it  may  have  surprised  me.  I  am 
«roeoialIy  pleased  that  in  the  too  kind  words  that  you  have  uttered,  the  name 
of  my  dear  friend  and  colleague  of  long  ago,  William  Topley,  has  once  more  been 
coupled  with  mine.  I  am  sure  that  no  one  would  have  rejoiced  more  than  he  at  my 
good  fortune  this  day.  I  beg  most  heartily  to  thank  the  Council  for  the  honour 
whidi  they  have  done  me. 

In  banding  the  Lyell  Medal,  awarded  to  Professor  Alfred  Gabriel 
Nathorst,  of  Stockholm,  to  Baron  C.  de  Bildt,  Envoy  Extraordinary 
and  Minister  Plenipotentiary  of  H.M.  the  King  of  Sweden  and 
Norway,  for  transmission  to  the  recipient,  the  Ohairman  addressed 
him  as  follows : — Baron  de  Bildt, — 

Tour  Excellency  has  been  good  enough  to  come  here  to-day  to  receive  for  vour 
countryman.  Professor  Nathorst,  of  Stockholm,  the  Lyell  Medal,  which  has  been 
awarded  to  him  this  year  by  the  Geological  Societnr  in  recognition  of  his  long  and 
distinguished  labours  to  advance  our  knowledge  of  the  vegetation  which  at  successive 
periods  in  the  history  of  the  earth  has  flourished  in  Northern  Europe  and  the  Arctic 
r^ons.  These  labours  range  from  the  oldest  to  the  youngest  ages  of  geological 
time.  Among  the  most  ancient  rocks  various  curious  markings,  which  had  ffen^ally 
been  regarded  as  traces  of  marine  plants,  were  shown  many  years  ago  by  Professor 
Nathorst,  after  an  ingenious  series  of  experiments,  to  be  probably  not  of  vegetable 
origin.  But  while  he  thus  cut  off  what  had  been  supnosed  to  be  an  earlv  marine 
flora,  he  has  ^reatiy  extended  our  a^uaintance  with  the  terrestrial  floras  of 
Palaeozoic  time  in  the  Arctic  regions.  Bjs  papers  on  the  extension  of  the  vegetation 
'  of  the  UpTOr  Old  Bed  Sandstone  as  far  nortn  as  Bear  Island,  continuing  the  earlier 
work  of  Heer,  are  of  special  interest.  He  has  thrown  much  light  on  the  flora 
of  the  Triassic  deposits  that  extend  into  the  south  of  Sweden.  From  tiie  far 
northern  King  Charles  Land  he  has  made  known  the  existence  of  a  Jurassic 
and  a  Cretaceous  flora.  His  researches  among  Pleistocene  and  recent  deposits, 
and  the  history  which  he  has  thence  deduced  of  plant-mi^tion  and  changes  of 
climate  in  Europe,  are  singularly  interesting  ana  suggestive.  Though  it  is  as 
a  student  of  fossil  plants  that  Professor  Nathorst  is  most  widely  known,  it  was 
his  keen  eyes  that  detected  for  the  first  time  casts  of  medusae  in  the  Lower  Cambrian 
rocks  of  Scandinavia.  In  transmittiiig  to  him  our  Lvell  Medal,  your  Excellencv  will, 
I  hope,  accompany  it  with  an  expression  of  our  best  wishes  for  his  healm  and 
the  long  continuance  of  his  scientific  energy. 

Baron  de  Bildt,  in  reply,  read  the  following  letter  which  he  had 
received  from  Professor  Nathorst : — 

**  Allow  me  to  express  my  heartiest  thanks  to  the  Council  for  the  g^reat  and  quite 
unexpected  honour  which  they  have  conferred  upon  me  by  the  awara  of  the  Lyell 
Medal.  I  regard  this  mark  of  approval  of  my  geological  and  palseontological  labours 
as  a  most  gratifving  distinction,  and  it  encourages  me  to  hope  that,  as  the  end  of 
my  life  approaches,  I  may  have  the  satisfaction  of  feeling  that  I  have  not  lived 
altogether  in  vain. 

"  Mv  gratification  at  receiving  this  honour  is  increased  by  the  fact  that  it  is 
associated  with  the  name  of  Sir  Charles  Lyell.  I  vividly  remember  the  enthusiasm 
with  which,  as  a  mere  youth,  I  read  the  Swedish  ecution  of  his  admirable  and 
fascinating  *  Principles  of  Geology ' ;   and  it  is  only  .right  to  add  that  it  was  this 
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-work  which  first  excited  my  love  for  geology  ;  a  branch  of  science  which  ilie 
^ieol^ical  Society  of  London  has  rigorously  promoted  for  almost  a  century. 

*'  During  my  'tirst  visit  to  England  in  1872^  at  the  age  of  21,  I  was  fortunate 
enough  to  be  introduced  to  the  great  English  geologist ;  and  I  still  cherish  a  vivid 
remembrance  of  his  kind  and  noble  personality,  and  of  his  keen  interest  in  my  then 
recent  discovery  of  the  remains  of  Salix  polaris  and  other  Arctic  plants  in  the  GUcial 
'deposits  of  the  Norfolk  coast.  The  meeting  with  Sir  Charles  forms  one  of  the  most 
highly  prized  reminiscences  of  my  youth. 

*'  Let  me  also  express  my  great  satisfaction  at  receiving  this  Medal  through  so 
illustrious  a  geologist  as  Sir  Archibald  Geikie,  whose  writings  have  served  as 
A  source  of  information  to  the  majority  of  geologists  throughout  the  world." 

The  Chairman  then  handed  the  Balance  of  the  Proceeds  of  the 
WoUaston  Donation  Fund,  awarded  to  Miss  Ethel  Mary  Reader 
Wood,  M.Sc.,  to  Dr.  J.  E.  Marr,  F.R.S.,  for  tmnsmission  to  the 
recipient,  and  addressed  him  in  the  following  words : — Dr.  Marr, — 

The  Council  have  awarded  to  Miss  Wood  tiie  Balance  of  the  Proceeds  of  the 
Wollaston  Donation  Fund  as  an  acknowledgment  of  the  value  of  her  contributions 
to  our  knowledge  of  the  Graptohtes  and  of  the  rocks  in  which  these  organisms  occur. 
Her  papers  furnish  an  excellent  example  of  the  application  of  zonal  stratigraphy 
to  groups  of  rocks  which  were  thought  to  be  already  known  with  tolerable  complete- 
ness. Much  still  remains  to  be  done  in  this  department  of  investigation.  We  had 
looked  forward  with  pleasure  to  seeing  her  among  us  here  to-day,  but  she  has 
been  unavoidably  prevented  from  coming  to  London.  In  sending  the  award  to 
her,  you  will  be  so  good  as  to  express  to  her  our  hope  that  she  will  regard  it  as 
Jk  token  of  the  interest  which  we  take  in  her  work,  and  as  an  encouragement  to  her  to 
4;ontinue  to  devote  herself  to  the  cause  of  science  with  the  same  skill  and  enthusiasm 
which  have  hitherto  so  eminently  distinguished  her  career. 

In  presenting  the  Balance  of  the  Proceeds  of  the  Murchison 
Oeologioal  Fund  to  Dr.  Arthur  Hutchinson,  M.A.,  F.C.S.,  the 
Chairman  addressed  him  as  follows : — Dr.  Ilutchinson, — 

The  Bahmce  of  the  Proceeds  of  the  Murchison  Geological  Fund  has  this  year  been 
awarded  to  you,  in  acknowledgment  of  the  ability  which  the  Council  recognise  in 
jour  published  memoirs  on  mineralo^cal  subjects,  and  to  encourage  you  in  further 
work.  We  especially  desire  to  recognise  the  skill  and  industry  displayed  by  you  in 
two  important  memoirs.  Your  paper  <»  the  Diathermancy  of  Antimonite  introduced 
aud  successfully  applied  a  new  method  of  crystallographic  investigation,  wherein  an 
opaque  mineral  is  examined  between  crossed  nicols,  by  means  of  transmitted  heat-rays, 
^corresponding  to  the  usua]  optical  examination  of  transparent  minerals.  Tour  memoir 
on  Btokesite  records  the  discovery  of  a  new  mineral,  of  which  you  found  only  a  sin^e 
crystal  upon  a  specimen  of  Cornish  axinite.  Your  analysis  proved  it  to  be  a  compound 
•of  most  unusual  type — a  silicate  containing  tin. 

llie  Chairman  then  presented  a  moiety  of  the  Balance  of  the 
Proceeds  of  the  Lyell  Geological  Fund  to  Professor  Sidney  Hugh 
Reynolds,  M.A.,  addressing  him  in  the  following  words : — Professor 
Reynolds, — 

This  award  is  made  to  you  in  special  recognition  of  the  value  of  your  contributions 
to  our  knowledge  of  the  PalGBozoic  rocks  of  Ireland  and  of  the  geology  of  the  Bristol 
district,  and  to  encourage  you  in  further  work.  During  the  past  eight  years  the 
Society  has  received  from  you  a  series  of  imp^ortant  papers  which  have  appeared 
in  its  Quarterly  Journal.  In  association  with  Mr.  Lake  you  presented  some 
interesting  facts  in  regard  to  the  Xinywto-Flags  of  the  Dolgelly  district.  In 
conjunction  with  Mr.  Gardiner  you  have  carried  out  a  series  ol  researches  among 
the  Silurian  rocks  of  the  South-East  aud  of  the  West  of  Ireland,  and  have  thrown 
fresh  light  on  their  associated  volcanic  rocks.  Together  with  Professor  Lloyd 
Morgan,  you  have  worked  out  the  geology  of  the  Tortworth  district,  and  have 
cleared  up  the  interesting  history  of  its  volcanic  eruptions;  while  you  have  more 
recently  studied  the  Carboniferous  volcanic  rocks  of  the  neighbourhood  of  Weston- 
super-Mare.    In  addition  to  all  these  geological  undertakings,  you  are  still  further 
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widening  the  ranfe  of  your  studies  by  continuing  the  Palseontographical  SocietyV 
memoir  on  the  Pleistocene  Mammalia.  We  coraially  hoi>e  that  many  long  jwr^- 
of  active  scientific  work  are  in  store  for  you,  and  that  you  will  continue  to  enhcn  our 
Quarterly  Journal  with  the  results  of  your  researches. 

Id  handing  the  other  moiety  of  the  Balance  of  the  Proceeds  of  the 
Lyell  Geological  Fund,  awarded  to  Dr.  Charles  Alfred  Matley,  to 
Professor  W.  W.  Watts,  M.A.,  M.Sc,  SecG.S.,  for  transmission  ta 
the  recipient,  the  Chairman  addressed  him  as  follows : — Professor 
Watte,— 

The  other  moiety  of  the  LyeU  fund  has  bv  the  Council  been  assigned  to 
Dr.  Matley,  as  an  acknowledgment  of  the  value  of  his  work  in  elucidating  the  geology 
of  Anglesey,  and  to  encourage  him  in  further  work.  The  complicated  structure  of 
that  part  of  North  Wales  has  long  been  recognised,  but  the  nature  and  extent  of 
the  complication  have  only  been  realised  in  recent  years,  since  more  enlarged  and. 
accurate  views  of  geological  tectonics  have  been  reached.  It  would  be  rash  to 
assert  that  all  the  difficulties  have  been  cleared  away,  but  Dr.  Matley  has  made 
a  notable  forward  step  in  removing  them.  Besides  his  work  in  Ajiglesey,  he 
has  devoted  time  and  thought  to  tiie  Cambrian  formations  of  Pembrokeshire, 
and  to  the  Eeuper  Marls  and  Sandstones  of  Warwickshire.  We  wish  him  many 
years  of  health  and  continued  geological  industry. 

The  Chairman  then  handed  the  Proceeds  of  the  Barlow-Jameson 
Fund,  awarded  to  Mr.  Hugh  John  Llewellyn  Beadnell,  to  Major 
C.  E.  Beadnell,  late  R.A.,  for  transmission  to  the  recipient,  addressing 
him  in  the  following  words  : — Major  Beadnell, — 

The  Barlow  -  Jameson  fund  is  awarded  to  your  son,  Mr.  Hugh  John  Llewellyn 
Beadnell,  in  recognition  of  the  value  of  his  memoirs  on  the  topography  of  the  Oasea 
and  other  districts  of  the  Libyan  Desert,  and  for  his  important  collections  of 
vertebrate  fossils  made  in  Egypt  during  the  last  three  years.  The  enthusiasm 
with  which  he  has  prosecuted  his  researches  in  the  Geological  Survey  of  Egypt 
led  some  time  ago  to  an  attack  of  fever  which  nearly  proved  fatal.  We  hope 
that  he  will  be  able  henceforth  to  ward  off  aU  such  attacks,  and  to  continue  the 
career  which  he  has  so  successfully  begun.  In  transmitting  to  him  this  award  of 
the  Council,  you  will  not  fail  to  convey  to  him  an  expression  of  our  interest  in 
•  his  researches,  and  of  our  hope  that  he  will  be  encouraged  to  continue  to  pursue  them. 

The  Chairman  then  proceeded  to  i-ead  the  Anniversary  Address 
that  he  had  prepared,  giving  first  of  all  ohituary  notices  of  several 
Fellows  deceased  since  the  last  annual  meeting,  including  Mr.  W.  T. 
Aveline  (elected  a  Fellow  in  1848),  Mr.  R.  Etheridge  (el.  1864), 
Sir  Charles  Nicholson  (el.  1841),  Mr.  W.  Vicary  (el.  1864),  Dr.  W. 
Francis  (el.  1859),  the  Rev.  H.  Maxwell  Close  (el.  1874),  and 
Dr.  H.  Exton  (el.  1883) ;  also  of  Professor  J.  P.  Lesley  (el.  For. 
Memb.  1887),  Geheimrath  K.  A.  von  Zittel  (el.  For.  Memb.  1889), 
Professor  A.  F.  Renard  (el.  For.  Memb.  1884),  and  Herr  Felix 
Karrer  (el.  For.  Corresp.  1890). 

He  then  dealt  with  the  bearing  of  the  evidence  furnished  by  the 
British  Isles  as  to  the  problem  whether  in  the  so-called  secular 
elevation  and  subsidence  of  land  it  is  the  land  or  the  sea  which 
moves.  The  first  section  dealt  with  the  proofs  of  emergence  of  land,, 
as  displayed  in  raised  beaches  or  strand-lines.  Objection  was  taken 
to  the  explanation  given  by  Professor  Suess  of  the  strand-lines  of 
the  Norwegian  Qords,  which,  the  author  maintained,  do  not  mark 
the  levels  of  ancient  ice-dammed  lakes,  but  former  margins  of  the 
sea.     A  comparison  was  made  of  these  strand-lines  with  the  raised 
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beaobes  of  Britain,  and  it  was  oontended  that  the  Seter  or  rock- 
shelves  of  Norway,  which  were  claimed  as  the  results  of  weathering 
oaosed  by  diurnal  variations  of  temperature,  could  be  paralleled  ia 
the  rook-shelves  of  undoubtedly  marine  origin  round  both  sides  of 
Scotland.  The  second  section  of  the  address  was  devoted  to  the 
proofs  of  submergence  furnished  by  fjords  and  sunk  forests.  It  was- 
shown  that  in  the  South  of  England  and  Wales  a  remarkable 
oscillation  had  taken  place,  the  raised  beaches  being  first  brought 
much  higher  than  their  present  level  above  the  sea,  and  standing  at 
that  higher  level  when  the  lowest  sunk  forests  existed  as  land- 
surfaces  ;  while,  by  a  subsequent  submergence,  these  forests  were- 
placed  under  low- water  mark  and  the  raised  beaches  were  brought 
into  their  present  relations  to  the  sea -level.  The  third  section^ 
briefly  pointed  out  the  inferences  to  which  the  facts  seemed  most 
naturally  to  point.  It  was  argued  that  the  variations  in  the  develop- 
ment and  height  of  the  raised  beaches  could  not  be  satisfactorily 
explained  by  any  conceivable  variation  in  the  level  of  the  sea ;  while,, 
on  the  other  hand,  the  proofs  of  submergence  in  the  south  of  our 
island  in  Neolithic  time  and  of  emergence  in  the  north,  were  only 
intelligible  on  the  supposition  of  unequal  movement  of  the  land. 
The  conclusion  thus  reached  was  in  favour  of  the  generally  accepted 
view  that  changes  of  level,  such  as  those  of  Pleistocene  and  Post- 
Pleistocene  time,  in  the  British  area,  have  been  primarily  due,  not  to 
any  oscillation  of  the  surface  of  the  ocean,  but  directly  to  movements 
of  the  terrestrial  crust. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  declared 
duly  elected  for  the  ensuing  year  '.—Council:  The  Right  Hon.  Lord  Avebury,  P.C., 
D.C.L.,  LL.D.,  F.R.S.,  F.L.S. ;  F.  A.  Bather,  M.A.,  D.Sc. ;  W.  T.  Blanford, 
C.I.E..  LL.D.,  F.R.S. ;  Professor  T.  G.  Bonney,  Sc.D.,  LL.D.,  F.R.S.,  F.S.A.  ; 
Sir  John  Evans.  K.C.B.,  D.C.L.,  LL.D.,  F.R.S. ;  Professor  E.  J.  Garwood, 
M.A. ;  Sir  Archibald  Geikie,  Sc.D.,  D.C.L.,  LL.D.,  Sec.R.S.  ;  Professor  T.  T. 
Groom,  M.A.,  D.Sc.:  Alfred  Harker,  Esq.,  M.A.,  F.R.S.;  R.  S.  Herries,  Esq., 
M.A. ;  Professor  J.  W.  Judd,  C.B.,  LL.D.,  F.R.S.;  Percy  F.  Kendall,  Esq. ; 
PhiUp  Lake,  Esq.,  M.A. ;  Professor  Charles  Lapworth,  LL.D.,  F.R.S. ;  Bedford 
McNeill,  Esq.,  Assoc.  R.S.M. ;  J.  E.  Marr,  Sc.D.,  F.R.S. ;  I»rofe88or  H.  A. 
Miers,  M.A.,  F.R.S. ;  H.  W.  Monckton,  Esq.,  F.L.S.  ;  E.  T.  Newton,  Esq., 
F.R.S.  ;  G.  T.  Prior,  Esq.,  M.A. ;  Professor  W.  W.  Watte,  M.A.,  M.Sc. ;  the 
Rev.  H.  H.  Winwood,  M.A. ;  and  H.  B.  Woodward,  Esq.,  F.R.S. 

Officer* :— President  :  J.  E.  Marr,  Sc.D.,  F.R.S.  Vice-Fretidenta  :  Professor 
T.  G.  Bonney,  Sc.D.,  LL.D.,  F.R.8.,  F.SA. ;  Sir  Archibald  Geikie,  Sc.D.,. 
D.C.L.,  LL.D.,  Sec.R.S. ;  E.  T.  Newton,  Esq.,  F.R.S. ;  and  H.  B.  Woodward, 
Esq.,  F.R.S.  Secretariet :  R.  S.  Herries,  Esq.,  M.A. ;  and  Professor  W.  W. 
Watts,  M.A.,  M.Sc.  Foreign  Secretary:  Sir  John  Evans,  K.C.B.,  D.C.L., 
LL.D.,  F.R.S.,  F.L.S.     Treasurer :  W.  T.  Blanford,  CLE.,  LL.D.,  F.R.S. 


n.— February  24:th,  1904.— J.  E.  Marr,  ScD.,  F.B.S.,  President,  in 

the  Chair. 

The  President  read  the  following  resolution  of  the  Council,  which 
had  been  forwarded  to  Mrs.  McMahon  : — 

**  That  the  Council  desire  to  place  on  record  their  regret  at  the  death  of  General 
C.  A.  McMahon,  F.R.S.,  who  for  so  many  years  was  one  of  their  colleagues, 
and  took  so  active  an  interest  in  the  affairs  of  the  Society;  and  the  Council 
further  wish  to  express  their  sincere  sympathy  with  Mrs.  McMahon  and  the 
family  in  their  bereavement." 
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The  President  also  announoed  that  Professor  T.  O.  Bonney,  Sc.D., 
F.R.S.,  and  Mr.  H.  W.  Monoktoo,  F.L.S.,  would  represent  the 
Society  at  General  McMahon's  funeral  on  the  following  day. 

The  President  stated  that  Professor  Lapworth  had  written, 
thanking  the  Fellows  for  their  kind  expression  of  sympathy  with 
him  in  his  illness,  and  for  the  telegram  despatched  to  him  in 
•the  course  of  the  annual  general  meeting. 

The  following  communications  were  read  : — 

1.  ''  Eocene  and  Later  Formations  surrounding  the  Dardanelles." 
By  Lieut-Col.  Thomas  English,  late  B.E.,  F.O.S. 

Our  present  knowledge  of  the  older  rocks,  upon  which  the 
Tertiary  beds  surrounding  the  Dardanelles  rest,  only  suffices  to 
indicate  the  positions  of  the  outcrops  of  a  succession  of  schists, 
crystalline  limestones,  granites,  and  serpentines,  which  can  be 
ti*aced  from  the  ^gean  district  into  the  Marmora,  where  they 
formed  an  archipelago  in  the  Eocene  sea. 

The  Eocene  deposits  surrounding  these  old  rocks  commence  with 
sandstones,  conglomerates,  and  clays,  which  become  calcareous  and 
nummulitic  upward,  and  are  about  2,000  feet  thick  in  the  aggregate. 
They  are  succeeded  by  3,000  feet  of  lacustrine  sandstones,  clays, 
and  schists,  interstratified  with  volcanic  rocks,  and  containing  coal- 
seams.  These  beds  have  yielded  Anthracotherium,  plant-remains, 
and  Corhicufa  semistriata  at  the  coal-horizon,  which  is  near  the 
middle  of  the  series.  They  are  widely  spread  in  Southern  Thrace, 
and  are  cut  o£f  to  the  eastward  by  the  falling-in  of  the  Marmora 
sea-bed.  The  author  has  traced  them  along  the  Gallipoli  Peninsola 
to  Imbros  Island — Lemnos  and  Samothrake  are  partly  composed 
of  similar  beds ;  and  he  considers  that  all  these  deposits  represent 
the  uppermost  Eocene  and  the  Oligocene,  and  that  the  coal-seams 
belong  to  the  latter. 

The  folding  of  the  Lower  Tertiary  strata  is  plainly  marked,  and 
prolongs  the  direction  of  the  Greek  <  flysch '-deposits  into  the 
Marmora,  forming  basins  in  which  the  Miocene  beds  accumulated. 

There  are  three  main  folds,  all  passing  east -north -eastward 
through  the  Eocene  channel  between  the  old  rocks  of  Thrace  and 
those  of  the  Troad. 

The  central  fold  developed  farther  eastward  in  post-Sarmatic 
times,  rining  into  a  ridge  at  Dohaii  Asian,  which  dammed  the  outlet 
for  the  Marmora  water  to  the  west,  and  was  the  proximate  cause  of 
the  formation  of  the  Bosphorus  in  the  Pontic  Period,  and  of  the 
Dardanelles  at  the  end  of  the  Pliocene.  Volcanic  eruptions  were 
prolonged  from  Cretaceous  to  Miocene  times  in  Thrace,  Imbros, 
Lemnos,  and  Mitylene.  Strati  Island  is  entirely  volcanic,  and  the 
greater  part  of  Imbros  also. 

Marine  Miocene  (Helvetian  to  Tortonian)  deposits  appear  north 
of  the  Gulf  of  Xeros  and  in  the  Marmora,  and  are  probably  vestiges 
of  a  Lower  Miocene  sea  connection  between  the  Ponto-Caspian  and 
the  Mediterranean. 

Sarmatic  deposits,  first  fresh- water,  then  marine,  result  from  the 
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development  of  a  lake,  with  a  narrow  opening  north-eastward  to  the 
Pontio  area,  which  occupied  a  large  portion  of  the  district.  The 
fresh- water  beds  are  still  nearly  horizontal  in  the  Dardanelles,  but 
are  much  dislocated  along  the  northern  shore  of  the  Sea  of  Marmora, 
where  they  contain  naphtha  and  lignite.  The  overlying  marine 
{Maeira)  limestones  fringe  the  fresh-water  beds  as  a  shore-belt  for 
30  miles  along  this  coast,  and  extend  through  the  Dardanelles  to- 
the  Southern  Troad. 

Brackish  and  fresh-water  Pontic  strata  occur  in  numerous  detached 
lake-basins  which  drained  north-eastward.  The  Bosphorus  was 
probably  out  by  river  action  through  the  rim  of  the  lowest  of 
these  basins,  on  the  recession  of  the  Sarmatio  Sea,  and  the  ^gean 
drainage  then  passed  into  the  large,  closed,  brackish  lake  described 
by  Andrussov  as  occupying  the  Black  Sea  area  from  the  Pontio 
to  the  beginning  of  the  Diluvial  Period. 

The  water-line  of  this  sea  lake  finally  receded  to  nearly  200  feet 
below  its  present  shore-line,  when  the  Sea  of  Marmora  stood  about 
80  feet  higher.  Then  the  water  began  to  rise  again  during  the 
Pliooene,  the  Sea  of  Marmora  regained  its  former  westerly  extension 
to  Qallipoli,  and  deposited  the  bed  of  Caspian  shells  on  which  that 
town  is  built. 

The  lacustrine  beach  at  Hora,  130  feet  above  sea-level,  com- 
memorates the  last  high-water  mark  of  the  Ponto-Oaspian  closed 
basin.  The  ^gean  land  had  meanwhile  settled  down,  forming 
a  large  depressed  area,  probably  bounded  tp  the  south  by  the 
chain  of  the  Northern  Cydades,  and  the  Sarmatio  beds  dipped 
westward,  reversing  the  drainage  of  the  country  south-west  from 
Oallipoli.  When  the  watershed  of  a  river  occupying  the  Dardanelles 
Valley  was  worn  down  to  the  level  of  the  Marmora,  in  early 
Pleistocene  times,  the  channel  was  rapidly  widened  and  deepened 
to  its  present  section  by  the  outflow  of  Pontic  water.  The 
Mediterranean  also  passed  the  barrier  of  the  Cyclatles  during  the 
Pleistocene  Period,  and  when  equilibrium  was  restored,  the  water 
in  the  Sea  of  Marmora  stood  somewhere  near  its  present  level. 
There  have  been  various  oscillations  since,  of  which  the  positive 
changes  of  level  are  indicated  by  Pleistocene  Mediterranean  deposits 
at  Samothrake  up  to  650  feet,  and  a  raised  beach  at  Hora  at  400  feet, 
also  by  numerous  shell  banks  and  terraces  up  to  100  feet  above  the 
present  sea-level.  There  is,  moreover,  abundant  evidence  of  a  rise 
to  1000  feet  during  or  after  the  Glacial  Period,  by  which  a  red 
stony  clay,  formed  at  the  expense  of  the  surface-soil  of  a  land  area, 
has  been  widely  spread. 

The  paper  is  accompanied  by  three  appendices,  one  on  the  rock- 
specimens,  by  Dr.  J.  S.  Flett ;  one  on  the  collection  of  Tertiary  and 
Post-Tertiary  fossils,  by  Mr.  K.  Bullen  Newton ;  and  a  third,  by 
Mr.  R  Holland,  on  species  of  Nummnlites. 

2.  ''The  Derby  Earthquakes  of  March  24th  and  May  3rd,  1903." 
By  Dr.  Charles  Davison,  F.G.S. 

The  undoubted  earthquakes  of  this  series  were  four  in  number. 
The  first  and  strongest  occurred  on  March  24th,  1903,  at  1.30  p.m.. 
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and  was  felt  over  an  area  of  about  12,000  square  miles,  its  centre 
<x)iQoiding  with  the  village  of  Eniveton,  near  Ashbourne.  The 
shook  consisted  of  two  distinct  parts,  separated  by  an  interval  of 
about  three  seconds,  which  coalesced,  however,  within  a  narrow 
rectilinear  band  running  centrally  across  the  disturbed  area  at  right 
angles  to  the  longer  axes  of  the  isoseismal  lines.  The  isacoustio 
lines  (or  lines  of  equal  sound-audibility)  are  very  elongated  curves, 
distorted  along  the  rectilinear  band.  The  earthquake,  it  is  con- 
cluded, was  caused  by  simultaneous  slips  within  two  detached  foci 
situated  along  a  fault-service  running  from  north  33^  east  to  south 
33^  west,  hading  to  the  north-west,  and  passing  close  to  the  village 
of  Hognaston.  The  strongest  after-shock  occurred  on  May  3rd,  its 
focus  lying  along  the  same  fault,  for  the  most  part  between  the  two 
foci  of  the  principal  earthquake,  but  much  nearer  the  surface. 

Observations  of  the  principal  earthquake  were  made  in  many  of 
the  mines  near  the  epicentral  district.  The  sound,  in  such  oases, 
was  a  much  more  prominent  feature  than  the  shock;  it  appeared 
to  travel  through  the  overlying  strata,  and  in  one  pit  in  which 
observations  were  made  in  four  seams  at  different  depths,  it  was 
more  distinctly  audible  in  the  lower  than  in  the  shallower  seams. 

The  principal  earthquake  was  registered  by  an  Omori  horizontal 
pendulum  at  Birmingham,  by  a  Milne  seismograph  at  Bidston  (near 
Birkenhead),  and  by  a  Weichert  pendulum  at  Gottingen  (502  miles 
from  the  epicentre).  The  larger  waves  travelled  with  a  velocity  of 
2*9  kilometres  per  second. 

III.— March  9th,  1904.— J.  E.  Marr,  ScD.,  F.RS.,  President,  in  the 
Chair.     The  following  communications  were  read : — 

1.  ''On  the  probable  Occurrence  of  an  Eocene  Outlier  off  the 
Cornish  Coast."     By  Clement  Reid,  Esq.,  F.R.S.,  F.L.S.,  F.Q.S.^ 

An  extensive  deposit  of  subangular  Chalk  flints  occurs  near 
Marazion,  opposite  a  deep  and  wide  valley  which  connects  St.  Ives 
Bay  and  Mount's  Bay.  This  valley,  though  containing  at  St.  Erth 
Lower  Pliocene  beds,  is  shown  to  be  of  much  earlier  date,  and  is 
probably  an  Eocene  river- valley.  Eocene  rivers  seem  to  have 
radiated  from  Dartmoor  westward  as  well  as  eastward.  The  flint- 
and-chert  gravel  corresponds  closely  with  the  Eocene  gravel  of 
Haldon,  and  is  apparently  derived  from  a  deposit  under  the  sea  off 
St.  MichaeVs  Mount.  Continuing  the  direction  of  the  Eocene  valley 
seaward,  the  isolated  mass  of  pbonolite  of  the  Wolf  Hock  is  met 
with.  The  evidence  suggests  that,  underlying  the  western  part 
of  the  English  Channel,  an  Eocene  basin  may  occur  comparable  in 
importance  with  that  of  Hampshire. 

2.  "  Tlie  Valley  of  the  Teign."  By  Alfred  John  Jukes-Browne, 
Esq.,  B.A.,  F.G.S. 

The  Teign  Valley  is  one  of  the  most  remarkable  in  the  British 
Islands,  because  it  is  not  a  transverse  valley  preserving  a  general 
direction  in  spite  of  opposing  ridges,  nor  is  it  a  longitudinal  valley 
»  Communicated  by  permission  of  the  Director  of  H.M.  Geological  Survey. 
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running  parallel  to  a  dominant  ridge,  nor  is  it  a  simple  combination 
^f  one  with  the  other,  as  often  happens ;  but  it  apparently  consists 
of  parts  of  two  transverse  valleys  linked  by  a  longitudinal  one. 

The  Teign  runs  ofif  Dartmoor  through  a  gorge  which  takes  an 
^easterly  direction,  as  if  it  were  going  to  join  the  Eze ;  it  is  then 
deflected  southward  into  what,  with  respect  to  the  Permian 
-escarpment,  is  a  longitudinal  valley ;  this  ends  in  a  low-lying 
plain,  and  from  this  plain  it  escapes  eastward  to  the  sea  through 
a  transverse  valley,  which  has  been  cut  across  the  ridge  of  Permian 
and  Cretaceous  rocks. 

Several  attempts  have  been  made  to  explain  the  anomalies  of  the 
<K)urse  taken  by  the  Teign  ;  but  none  of  them  is  satisfactory,  because 
the  writers  have  not  sufficiently  considered  the  probable  conditions 
of  the  surface  on  which  the  river-valleys  were  originated,  or  the 
-extent  to  which  the  older  rocks  around  Dartmoor  may  have  been 
covered  by  Cretaceous  and  Tertiary  deposits. 

The  author  considers  these  points,  and  concludes  that  in  Oligocene 
time  a  thick  mantle  of  soft  Neozoic  strata  must  have  stretched  across 
Devon  and  the  adjacent  parts  of  the  English  Channel;  that  this 
mantle  consisted  mainly  of  Selbornian  Sands  and  of  the  later  Eocene 
deposits,  the  latter  overlapping  the  former  and  passing  on  to  the 
surface  of  the  Palaeozoic  rooks ;  further,  that  these  Eocene  deposits 
covered  all  the  central  parts  of  Devon,  and  were  banked  up  against 
the  northern,  eastern,  and  southern  sides  of  Dartmoor.  He  assumes, 
moreover,  that  the  post-Eocene  elevation  of  the  region  gave  this 
flurface  a  general  easterly  slope ;  and  consequently  that,  although 
streams  ran  off  Dartmoor  in  all  directions,  those  which  drained 
eastward  had  the  longer  courses  and  passed  from  the  moorland 
area  on  to  a  plain,  the  drainage  of  which  was  directed  eastward  to 
the  shore  of  the  Oligocene  sea. 

The  general  direction  of  the  Upper  Teign  where  it  flows  over  the 
granitic  area  is  east-north-easterly  ;  the  direction  of  its  gorge  as  far 
as  Clifford  Bridge  is  nearly  due  east,  and  if  the  conditions  were  as 
above  described,  the  precursor  of  this  river  is  not  likely  to  have 
followed  the  course  of  the  present  river  beyond  Clifford  Bridge. 
There  is  not  likely  to  have  been  any  ridge  or  obstacle  that  would 
have  deflected  it  so  far  to  the  southward,  nor  anything  to  prevent  it 
from  continuing  its  easterly  course  towards,  and  probably  across, 
the  valley  of  the  Exe. 

The  valley  of  the  Lower  Teign  below  Dunsford  is  not  likely 
to  have  existed  in  Oligocene  time,  but  was  part  of  the  eastward 
sloping  plain ;  the  local  drainage,  however,  may  have  been  carried 
by  a  little  brook  flowing  southward  or  south-eastward  to  join  the 
river  which  was  then  initiating  the  valley  of  the  Teign  estuary. 
The  erosion  of  the  present  longitudinal  valley  out  of  the  PalsBOzoio 
rocks  must  have  been  accomplished  in  much  later  times,  and  was 
probably  due  to  the  development  of  the  Permian  escarpment. 

The  valley  through  which  the  Teign  now  flows  from  Newton  to 
Teignraouth  traverses  this  escarpment ;  and  its  excavation  can  only 
be  attributed  to  a  stream  that  flowed  eastward  from  higher  ground 
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than  the  summit  of  Little  Haldon.  Such  a  stream  is  the  Lemon  or 
Leman,  which  rises  on  the  east  side  of  Dartmoor  at  a  level  of 
about  1200  feet  above  the  sea.  The  ancester  of  this  stream  must 
have  carved  its  channel  out  of  the  ancient  plain  of  Eiooene  deposits  ; 
and  it  is  suggested  that  the  valley  of  the  Teign  estuary  is  a  portion 
of  this  Ancient  valley,  which  has  survived  all  subsequent  changes, 
except  that  of  being  cut  down  to  modem  base-levels. 

The  chAuge  which  led  to  the  diversion  of  the  Upper  Teign  into 
this  more  southern  valley  is  attributed  to  the  later  earth-movements, 
which  gave  a  southerly  tilt  to  the  whole  region,  and  a  still  greater 
IooaI  tilt  owing  to  the  formation  of  the  Bovey  syncline.  This  tilt 
would  increase  the  velocity  and  erosive  power  of  the  stream  which 
was  then  carving  out  the  valley  west  of  the  Haldon  Hills,  and 
as  it  gradually  out  down  to  a  lower  bckse-level,  the  little  afflaenta 
which  formed  its  head-waters  would  cut  back  northward  into  the 
watershed  which  separated  them  from  the  eastward  course  of  the 
Upper  Teign.  It  is  supposed  that  the  portion  of  the  Teign  Valley 
which  lies  between  Dunsford  and  Clifford  Bridge  was  formed 
by  one  of  these  affluents,  and  that  it  was  deepened  till  the 
separating  ridge  at  its  head  was  reduced  to  a  col  or  pass  leading 
from  the  one  valley  into  the  other.  A  flood  or  the  damming-up 
of  the  river  by  a  landslip  might  send  down  the  waters  of  the  Upper 
Teign,  and  once  this  was  accomplished  the  capture  and  diversion 
of  the  Upper  Teign  would  be  permanent. 

The  theory  of  the  capture  of  one  river  by  another  has  been 
accepted  as  an  explanation  of  similar  difficulties  in  the  case  of 
other  rivers,  and  its  application  to  the  course  of  the  Teign  furnishea 
an  intelligible  explanation  of  the  facts.  The  author  thinks  that 
some  other  river-courses  and  geographical  features  in  Devon  caa 
be  explained  on  the  same  theory  of  an  easterly  incline  modified  by 
a  subsequent  southerly  tilt 


Wb  regret  to  record  the  death  of  Lieut.-General  Chablb» 
Alsxandkb  McMahon,  F.K.S.,  F.G.S.,  who  died  at  his  residence, 
20,  Nevern  Square,  South  Kensington,  S.W.,  Sunday,  2l8t  February^ 
1904,  in  his  74th  year.  He  was  a  member  of  Council  of  the 
Qeologioal  Society  of  London,  and  was  the  author  of  numerous 
papers  on  geology.  We  hope  to  publish  a  notice  of  General 
McMahon's  geological  work  in  our  next  number. 

Wi  have  also  to  notice  with  sorrow  the  death  of  a  valued  friend  and 
fellow-worker  in  America,  Professor  Chablss  Emkrson  Bsechkr, 
Ph.D.,  Professor  of  Palaeontology  and  Curator  of  the  G^logical 
Collections  in  Yale  University,  who  died  from  heart-failure  on 
Sunday,  14th  February,  in  his  52nd  year.  He  was  one  of  the 
Editors  of  the  American  Geologist  and  the  author  of  numerous 
papers  on  palaaontology.  We  trust  to  be  able  suitably  to  record 
his  lifework  in  our  next  issue. 
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I.— On  some  Samples  of  Book  fboh  Bobikgs  at  Sanobeoeande, 
Tbinidad. — Pabt  I. 

By  R.   J.   Lbcumsrb  Guppy. 
(FOLDING  PLATE  VII.) 

I  HAVE  been  favoured  by  P.  N.  H.  Jones,  Esq.,  engineer  of  the 
Waterworks,  with  speoimens  from  a  boring  at  Sangregrande 
undertaken  by  the  Government  of  Trinidad  with  a  view  to  ascertain 
the  extent  and  position  of  the  Tertiary  coal-seams  of  that  district  and 
other  facts.  The  specimens  consist  of  a  dark-coloured  (blackish) 
sand-rock,  finely  (bat  slightly  irregularly)  laminated,  the  lamination 
being  at  an  angle  of  about  5(P  from  the  horizontal.  The  samples 
came  from  150,  250,  400,  500,  and  600  feet  deep  below  the  surface. 
I  examined  each  one  separately,  but  as  the  differences  between  them, 
whether  as  regards  mineral  constitution  or  organic  contents,  are  only 
slight,  and  in  fact  two  portions  from  the  same  depth  show  often  as 
much  difference  as  samples  from  different  depths,  I  shall  describe  the 
whole  together.  These  specimens  ai;e  from  boring  No.  8,  Plate  Vll. 
The  rock  is  of  a  blackish  or  dark-grey  colour,  and  is  principally 
composed  of  very  fine  sand  with  particles  of  mica.  When  washed 
and  passed  through  fine  muslin  only  about  tott  part  remains. 
Calcareous  matter  is  under  10  per  cent,  in  quantity,  and  exists 
almost  entirely  as  shells  of  Foraminifera  and  Molluscs.  Crustacea 
and  echinoderm  remains  also  occur,  and  there  are  numerous  Polysoa, 
a  few  Ostracoda,  and  scales,  teeth,  and  ear-bones  of  fishes.  I  could 
not  detect  cocooliths  or  oalcaroma,  but  the  nature  of  the  material  is 
un&vourable  for  their  detection.  The  material  of  this  rock  is  not 
of  any  economic  value,  but  it  is  interesting  as  throwing  light  upon 
geological  questions  and  upon  the  conditions  which  prevailed  at  tho 
time  of  its  deposition.  The  neighbourhood  of  land  is  indicated  by 
the  quantity  of  clastic  material,  but  the  fineness  of  the  grains  and 
the  tenuity  of  the  laminsB  of  deposition  show  that  it  was  at  some 
distance  off.  Data  exist  for  an  approximate  estimate  of  the  position 
of  such  land,  and  the  elementary  facts  are  indicated  in  my  papers  in 
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the  Proceedings  of  the  Yictoria  Institute,  Trinidad,  1902,  and  the 
Joamal  of  the  Oeological  Society  of  London,  1892. 

With  one  exception  the  rock  appears  to  he  of  the  same  quality 
and'  consistence  throughout.  At  500  feet  occurs  a  harder  bed 
composed  of  similar  material  to  the  other  beds,  but  indurated  and 
not  liable,  as  the  other  beds  are,  to  disintegration  by  wat^r.  This 
harder  bed  contains  only  traces  of  calcareous  matter,  and  much  fewer 
organic  remains  than  the  others. 

I  have  no  particulars  of  the  material  found  at  intermediate  depths, 
but  presuming  that  it  is  uniform  or  nearly  uniform  throughout  it 
would  appear  that  we  have  Lere  a  thickness  of  more  than  600  feet 
in  depth  of  very  fine  sedimentary  material,  probably  deposited  in 
a  sea  somewhere  about  20  to  50  fathoms  deep.  It  might  even  have 
been  more,  but  to  ascertain  tliis  other  circumstances  not  at  present 
known  would  have  to  be  taken  into  account  llie  deposition  of  so 
extensive  a  stratum  of  such  material  implies  a  long  period  of  time 
during  which  the  conditions  of  the  area  on  which  deposition  was 
taking  place  remained  generally  the  same. 

The  molluscan  and  other  organic  remains  exist  entire  within  the 
matrix,  but  being  for  the  most  part  in  the  state  of  powder  they 
cannot  be  extracted.  The  Foraminifera  and  a  very  few  Mollusca  and 
Ostracoda  alone  are  of  a  sufficiently  compact  consistency  to  stand 
extraction  by  washing,  which  is  the  only  mode  of  operation  practicable, 
as  any  attempt  by  more  forcible  means  results  in  the  complete 
disintegration  of  the  fossils. 

Doubtless  also  here,  as  in  the  Naparima  and  Pointapier  beds, 
many  Foraminifera  appear  as  fragments  only,  such  as  Rhabdammina, 
JSaliphysema,  Dendrophya,  etc.  But  leaving  apart  such  organisms 
as  these,  there  will  be,  if  occasion  serves  in  the  future,  an  enormous 
■extension  of  this  list  of  fossils. 


MOLLUSCA. 

Balantium. 

Plenrotoma, 

Bulla. 

Nucula. 

Dolium, 

f» 

FUBUS, 

Fecten. 

The  only  specimens  extracted  were  a  Fecten  and  a  Nucula  (single 
valves).  One  valve  of  a  Pecien  is  ornamented  with  radiating 
elongate-elliptical  blotches  of  purplish-brown  colour,  showing  how 
persistent  the  original  colouring  must  have  been  to  have  been 
preserved  in  such  decolorizing  material  as  that  of  which  these  beds 
are  composed. 

POLYZOA. 

The  only  generically  identifiable  one  is   Cupularia,  but  others 
seem  to  be  Memhranipora,  etc. 

OSTRACODA. 

Bairdia  vooodwardiana,  Brady  ;    Cytherella  poUta,  Brady.     There 
is  also  a  prawn-like  crustacean  over  an  inch  long. 
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FOKAMINIFERA.^ 

I  deal  in  greater  detail  with  the  fossils  of  this  group,  as  they 
present  determiuahle  specimens  belonging  to  known  forms. 

Clavulina  (Haplostiohe)  Soldanii,  Parker  &  Jones. 
(PI.  IX,  Fig.  1.) 

This  species  is  numerous  at  all  depths,  hut  especially  at  150  and  250 
feet.  It  does  not  occur  in  the  Napariraa  (oceanic)  beds,  but  I  have 
examples  from  the  Diirnpa-hed  of  Pointapier,  which  I  originally 
identified  as  Clavulina  cylindrica.  The  length  of  the  longest  example 
from  the  Sangregrande  boring  is  3 mm.,  its  breadth  being  1  mm.; 
the  stoutest  example  is  2*5  mm.  long  by  1*5  mm.  in  diameter. 
There  are  many  smaller  examples  of  varying  forms. 

Hkophax  scorpiubus,  Montf.     (PI.  IX,  Fig.  2.) 

This  is  not  quite  as  common  as  H,  (CL)  Soldaniif  but  is  nevertheless 
fairly  abundant  in  some  samples.  It  has  not  hitherto  been  met  with 
by  me  in  any  of  the  other  Microzoic  rocks  of  Trinidad.  It  is  usually 
about  2  mm.  in  length. 

Amodisous  incebtus,  Orb. 

A  single  specimen  somewhat  like  that  figured  in  Ann.  Nat.  Hist., 
vol.  iv  (18C9),  pi.  xiii,  figs.  3a,  b, 

Cyclamina  canobllata,  Brady,  var.  defobmis,  nov.    (PI.  IX,  Fig.  3.) 

Most  specimens  of  this  form  are  distorted  by  a  sudden  change  in 
the  axis  of  growth  of  the  last  whorl,  whereby  the  shell  acquires  a  sort 
of  humpbacked  appearance.  It  is  often  very  thin,  seldom  indeed  as 
thick  as  the  forms  found  abundantly  in  some  of  the  Naparima 
oceanic  beds.  It  is  one  of  the  largest  Foraminifera  in  the 
Sangregrande  boring,  being  mostly  3  mm.  in  diameter,  and  occurs  at 
all  depths  in  the  boring. 

MiLiOLiNA  macilenta,  Brady.     (PI.  IX,  Fig.  4.) 
Diameter  10  mm. 

MiLioLiNA  SEMiNULUM,  Linue. 
Diameter  20mm. 

Spibolocultna  tenuiseptata,  Brady.     (PI.  IX,  Fig.  5.) 

Longest  diameter  1*0  mm.  It  is  questionable  if  this  is  distinct 
from  Sp,  limbata.  Orb. 

BoLiviNA  punctata,  Orb. 

Minute  Bolivina  are  as  abundant  in  this  rock  as  in  most  of  the 
Microzoic  formations  of  the  island. 

*  Plates  VIII  and  IX,  illustrating  the  Foraminifera,  will  appear  in  the  concluding 
part  of  Mr.  Guppy*8  paper. 
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BuLiHiNA  iNFLATA,  Seguonza. 
TxxTULABiA  SAGiTTULA,  Defrsnoo.     (PI.  IX,  Fig.  6.) 
Length  1*0  mm.     Fairly  abundant  in  some  samples. 

TSXTULABIA  GBAMEN,  Orb.     (PI.  IX,  Fig.  18.) 
Length  1*0  mm. 

Tbxtulabia  gabinata,  Hantk.     (PI.  IX,  Fig.  7.) 
Length  1*5  mm. 

Textulabia  tboghus,  Orb.     (PI.  IX,  Fig.  8.) 

Diameter  1-0  mm.,  height  1*5  mm.  I  take  T.  turrU  and  T.  Bareti 
to  be  merely  -varietal  forms  of  this  species. 

Textulabia  aspeba,  Brady.     (PL  IX,  Fig.  17.) 

Only  three  examples  were  found,  of  which  one  (much  the  largest) 
measured  3  mm.  in  length. 

Nodosabia  baphanistbum,  Linn.     (PL  IX,  Fig.  9.) 

The  form  found  here  is  identical  with  N.  baciUum,  Defr.,  as  found 
in  the  Vienna  Basin  and  elsewhere.  The  synonymy  of  the  speciea 
includes  raphanus,  Zippei,  badenensia,  acuta,  and  many  others.  It  is 
probably  not  distinct  from  N.  obliqua,  the  larger  and  more  strongly 
ribbed  forms  being  found  in  shallow  water,  while  the  smaller,  more 
delicately  costate  forms  come  from  deeper  water.  I^.  raphani$irum 
is  not  found  in  the  oceanic  beds.  The  longest  specimen  from  the 
Sangregrande  boring  is  5*5 mm.  in  length;  it  is  broken.  Some 
smaller  examples  are  perfect. 

Nodosabia  obliqua,  Linn.     (PL  IX,  Fig.  10.) 

The  form  found  in  the  Sangregrande  boring  is  N.  vertebralts, 
Batsch,  which  is  only  one  of  the  many  names  conferred  upon  more 
or  less  distinct  varieties  of  this  species.  The  length  of  our  longest 
specimen  is  3*5  mm. 

Nodosabia  soluta,  Beuss.     (PL  IX,  Fig.  11.) 

Our  specimens  are  generally  of  the  curved  variety,  with  little  or 
no  constriction  between  the  segments  except  perhaps  one  or  two  of 
the  later  ones.  It  is  exactly  the  same  as  N.  elegans  of  the  Vienna 
Basin.    The  examples  are  usually  about  2*3  mm.  long. 

Cbistellabia  botulata.  Lam.     (PL  IX,  Fig.  12.) 

Under  this  I  include  C.  calcar  and  C.  euUrata,  as  the  forms  found 
here  are  somewhat  intermediate.  It  is  mostly  small,  the  largest- 
being  2  mm.  in  diameter. 

Cbistellabia  aoulkata.  Orb.     (PL  IX,  Fig.  13.) 
Similar  to  the  Pointapier  specimens,  except  that  the  last  whorl  is* 
seldom  so  much  produced.    Longest  diameter  2  mm. 

UviGEBiNA  (Sagbina)  baphakus,  Parker  &  Jones.   (PL  IX,  Fig.  14.) 

The  specimens  are  about  1*3  mm.  in  length.  The  species  is  very 
abundant  at  all  depths  in  the  Sangregrande  boring.     It  is  the  short 
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form  resembling  fig.  23  of  pi.  Ixxv  of  the  ''  Challenger "  Report. 
Brady  says  it  is  essentially  a  ooral-reef  foraminifer,  bat  the  conditions 
of  the  Sangregrande  deposit  would  not  admit  of  ooral-reefs.  Oar  form 
may  be  said  to  be  indicative  of  shallow  water,  and  a  depth  of  10  to 
60  fathoms  would  probably  suit  it  best  A  very  few  specimens  of 
the  long  form  have  occurred  to  me  in  the  Naparima  oceanic  beds,  and 
I  think  that  this  long  form  belongs  to  deep  water. 

Brady  ("  Challenger  '*  Report,  p.  580)  admits  that  the  term  Sagrind 
is  not  required. 

UVIQBBINA   OANABIBNSIS,  Orb. 

Length  about  0-6  mm.    Specimens  sometimes  slightly  costate. 

POLTMOBPHINA  LANCEOLATA,  RCUSS. 

A  few  very  minute  examples  for  which  the  above  name  may  stand 
until  fuller  information  is  obtained. 

Globigebina  bulloides,  Orb. 
The  forms  found  at  Sangregrande  resemble  most  the  Vienna  Basin 
specimens,  and  do  not  attain  the  great  development  in  number,  size, 
or  variety  that  we  find  in  the  Naparima  oceanic  beds. 

SPHiEBOIDINA  BULLOIDES,   Orb. 

Not  very  common. 
Planobbulina  (Discobbina)  eleqans,  Orb,     (PL  IX,  Fig.  16.) 

Diameter  about  0*5  mm.  This  agrees  fairly  well  with  the  figure 
of  D'Orbigny's  Modele  No.  42  given  by  Parker  &  Jones,  but  not 
quite  as  well  with  the  figure  given  by  Goes  (Carib.  Rhiz.,  pL  viii, 
figs.  269-71),  which  is  B.  eomplanata,  Orb.  It  suggested  itself  to 
me  as  a  small  and  delicate  modification  of  Flanorhulina  Wtdlerstorfi, 
a  common  and  well-developed  foraminifer  in  the  oceanic  beds  of 
Naparima. 

It  has  been  proposed  to  dispense  with  the  genus  Anomaltna,  and 
to  include  the  species  classed  under  that  name,  together  with  those 
comprised  under  TruncatuUna,  in  the  genus  Planorbtdina.  In  my 
list«  no  species  from  the  oceanic  beds  appears  under  the  name 
of  PlanorbuUna,  but  some  five  species  are  recorded  under  that  of 
Anomalina.  PI  larva ta,  a  remarkable  form,  is  recorded  from  the 
shallow-water  beds,  and  I  have  since  found  it  in  the  Ditrupa-hed  of 
Pointapier. 

PlANOBBUUNA  T7N0EBIAKA,   Orb. 

One  or  two  small  specimens  of  this  species  occur. 

Pulvinulina  elegans.  Orb.     (PL  IX,  Fig.  16.) 

Specimens  few  and  small;  the  largest  was  1mm.  in  diameter. 
This  species  as  a  fossil  can  always  be  distinguished  by  its  coloration, 
its  white  septal  bands,  marginal  rings,  and  umbilical  boss,  contrasting 
with  the  chocolate-brown  interspaces.  The  Sangregrande  specimens 
are  perhaps  referable  to  the  var.  partsehiana. 
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The  Sangbegrande  Borings. — Part  II. 

Since  writing  Part  I  of  this  paper  I  have  been  favoured  by  the 
Hon.  Walsh  Wrightson,  C.M.G.,  Director  of  Public  Works,  with 
reduced  diagrams  of  the  three  borings  made  at  Cnnapo,  near 
Sangregrande,  for  the  purpose  of  ascertaining  particulars  relative  to 
the  coal-seams  in  that  neighbourhood,  and  with  access  to  the  samples 
of  the  cores  brought  up.  These  extend  our  knowledge  of  the 
geological  conditions  very  considerably.  In  Part  I  of  this  papei- 
I  gave  a  description  of  the  rocks  and  fossils  of  boring  No.  3.  The 
diagram  of  this  boring  (Plate  YII)  shows  that  from  200  feet  to  the 
bottom  of  the  boring  at  600  feet  the  composition  of  the  strata  is 
nearly  uniform,  being  the  foraminiferal  sandstone  I  have  described. 
This  deposit  probably  recurs  in  boring  No.  2  (82  to  132  feet)  and 
bormg  No.  1  (90  to  486  feet).  At  12  to  18  feet  in  boring  No.  3 
there  is  an  ancient  river-bed  with  very  hard  compact  cherty  stones, 
similar  to  those  found  in  some  of  the  existing  river-beds.  I  do  not 
think  that  the  material  of  these  stones  exists  anywhere  in  the  form 
of  a  continuous  layer  or  stratum,  or,  if  they  do,  such  layer  is  not  of 
any  great  extent.  It  probably  exists  as  lenticular  or  nodular 
masses  varying  in  size,  and  when  the  containing  softer  material  is 
carried  off  these  hard  stones  remain  in  the  river-beds.  So  with 
the  Naparima  rocks  near  Sanfemando,  the  harder  masses  remain 
heaped  upon  the  beach,  while  the  softer  material  in  which  they  were 
imbedded  is  carried  away. 

With  the  exception  of  two  small  seams,  one  of  6  inches  at  29  feet, 
and  one  of  2  inches  at  89  feet,  no  coal  was  encountered  in  any  of  the 
borings.  Nevertheless,  the  composition  of  the  strata  at  the  top  of 
each  of  these  borings  indicates  perhaps  littoral  conditions  or  at  least 
shallower  water  than  the  material  deeper  down  in  the  borings.  The 
bed  underlying  the  coal-seam  at  89  feet  in  boring  No.  1  is  a  soft 
black  argillaceous  rock  with  very  fine  sand,  impressions  of  plant 
remains,  and  small  bits  of  coal.  This  stratum,  less  than  3  feet 
thick,  is  confusedly  bedded,  and  represents,  I  think,  the  bottom  bed 
and  very  beginning  of  the  coal  series. 

The  problem  of  the  relation  of  the  strata  pierced  by  these  borings 
to  the  coal-bearing  series  is  now  before  us.  These  strata  are,  with 
a  slight  exception,  of  marine  formation :  are  they  above  or  below  the 
coal  series  ? 

So  far  as  we  can  judge  from  the  information  now  at  hand,  it  would 
seem  that  they  are  below.  If  they  were  above  it  would  follow  that 
there  had  been  a  depression  of  land  since  the  deposition  of  the  coal 
in  order  to  admit  of  the  deposit  of  a  marine  formation  above  it  But 
taking  all  the  known  circumstances  into  account,  I  think  this  unlikely. 
There  was  probably  a  movement  of  upheaval  continued  throughout 
the  Miocene  period  which  raised  the  Cretaceo-Tertiary  series  of 
Montserrat  (including  the  Manzanilla  Eocene  formations)  above  the 
level  of  the  sea,  leaving  an  arm  of  the  sea  between  the  Montserrat 
Range  and  the  Parian  Eange.  Into  this  channel  the  river  Guarapiche 
(taking  its  rise  and  upper  course  in  Venezuela)  emptied  itself,  and 
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as'  tiiis  channel  was  filled  up  by  the  fossiliferous  sands  and  other 
deposits  the  ooal-bearing  series  followed  under  estuarine  and  fluviatile 
conditions.  Therefore  I  think  that  these  borings  pieroe  strata 
inferior  to  the  coal  series. 

In  some  parts  of  the  Oaroni  and  Oropuch  country  occurs  a  large 
estuarine  formation  which,  in  my  opinion,  succeeded  the  Miocene 
formation,  and  was  deposited  by  the  Miocene  and  Pliocene  extension 
just  mentioned  of  the  river  Guarapiohe  (see  my  papers  in  Qeological 
Society's  Journal,  1892;  Gbologioal  Magazine,  1900;  and  Pro- 
ceedings Victoria  Institute,  Trinidad,  1902).  It  is  a  very  fine- 
grained argillaceous  formation,  frequently  capped  by  fresh-water 
gravels,  and  this  may  very  probably  overlie  the  coal  series  in  places. 

Note, — I  am  informed  that  at  the  site  of  the  borings  near  the 
Gunapo  river,  about  seven  miles  from  Sangregrande,  the  surface  is 
about  150  feet  above  sea-level. 

Second  Note. — In  reference  to  the  conclusions  arrived  at  from 
this  imperfect  study  of  the  geology  of  the  Sangregrande  district, 
I  may  quote  a  remark  by  S.  A.  Miller  in  his  *<  North  American 
Geology,"  etc.,  that  "  a  general  knowledge  of  geology  is  probably 
of  greater  importance  to  the  people  of  the  United  States  than  a  like 
amount  of  information  in  any  other  department  of  natural  science," 
a  remark  which  might  be  extended  to  a  larger  area  than  the 
United  States. 

EXPLANATION  OF  FOLDING  PLATE  VIL 

Diagrams  showing  the  strata  passed  through  in  the  Sangregrande  Borings 
Nos.  1,  2,  3. 

{To  be  eontintted,) 


II. — Some  Gbaptolitb  Zones  in  the  Abenig  Hooks  of  Wales. 

By  Gbbtbudb  L.  Ellbs,  Newnham  College,  Camhridge. 

rpHE  Arenig  Series,  as  originally  defined  by  Sedgwick,  has 
X  undergone  much  subsequent  modification  by  its  founder  and 
other  authors.  There  have  been  separated  ofif  from  it  the  Tremadoc 
Series  at  the  base,  and  the  Llandeilo  Series  above,  and  a  certain 
amount  of  ambiguity  has  arisen  as  to  what  constitutes  the  Arenig 
thus  restricted ;  possibly,  therefore,  the  recognition  of  three  well- 
defined  graptolite  sub- faunas  within  the  series  in  certain  districts 
may  help  in  some  degree  towards  the  solution  of  the  problem. 

In  both  North  and  South  Wales  there  appears  to  be  a  well-defined 
belt  of  rocks  characterised  by  graptolites  of  the  *  tuning-fork  '  type 
(dependent  series).  In  South  Wales  this  constitutes  Hicks'  Llanvim 
Group ;  it  comprises  two  zones — 

1.  Zone  of  Didymograptus  Murehiaoni. 

2.  Zone  of  Didymograptua  bifidm. 

The  upper  zone  of  B.  Murchisoni  is  the  equivalent  of  the  beds 
forming  the  lower  part  of  the  Llandeilo  Series,  including  the 
Llandeilo  Limestone,  in  part  at  any  rate ;  the  lower  zone  of  D,  bifidua 
is  the  uppermost  limit  of  the  Arenig  Series. 
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While  the  oocurrenoe  of  one  or  other,  or  both,  of  these  zodob  has 
been  indioated  by  Matley'  and  FearnBides'  in  North  Wales,  and 
•bj  Marr  &  Roberts,'  Orosfield  &  Skeat,^  and  the  officers  of 
the  (Jeologioal  Survey*  in  South  Wales,  so  far  as  I  am  aware, 
it  has  not  been  so  generally  reoognised  that  this  belt  of  rocks 
oharaoterised  by  *  tuning-fork '  graptolites  gives  place  downward 
to  a  belt  of  rocks  characterised  by  graptolites  of  the  '  extensiform ' 
type  (horizontal  series)  wherever  the  graptolitic  faoies  of  the  rooks 
is  developed.  This  belt  characterised  by  'extensiform'  graptolites 
may  also  be  divided  into  two  zones — 

1 .  An  apper  zone  of  Didymograptut  hirundc, 

2.  A  lower  zone  of  Lidymograptu*  extentut. 

The  succession  of  these  zones  has  been  determined  in  widely 
separated  areas,  and  other  localities  will  no  doubt  be  found  in 
the  future,  so  the  object  of  the  following  notes  is  to  indicate 
where  they  are  at  present  known  to  occur,  and  the  characteristic 
association  of  the  graptolites  which  constitute  the  sub-faunas. 

There  are  then,  three  well-defined  graptolite  zones  in  the  Arenig 
rocks  of  Wales — 

1.  T\ie  zoXLB  oi  Didymograptut  hifiiut, 

2.  The  zone  of  Didymograptus  hirundo, 

3.  The  zone  of  Didymograptus  exUmut. 

These  probably  represent  the  upper  part  of  the  series  only. 

The  following  are  the  principal  localities  where  they  may  be 
studied : — 

RiVEB  Sbiont.     (Fig.  1.) 

The  occurrence  of  fossils  in  the  rocks  in  the  neighbourhood  of 
Pont  Seiont  was  indicated  long  ago  by  Ramsay  •  and  later  by  Marr.' 
The  rocks  present  a  certain  amount  of  variation  in  lithological 
character,  but  have  a  practically  identical  fauna ;  they  are  for  the 
most  part  sandy  or  slightly  micaceous  blue-black  shales  with  a  few 
calcareous  bands.  Tbey  are  well  exposed  on  the  left  of  the  road 
before  reaching  the  white  gates  into  the  Public  Park,  and  again 
just  beyond  the  gates,  though  at  this  point  they  have  biBen 
somewhat  altered  by  tlie  intrusion  of  a  dyke  of  diabase.  The  fossils 
collected  from  these  beds  include — 

JHdymograptui  bifiduSy  Hall  (very  Climaeograptut  eon/eitus,  Lapw. 

common).  CI.  Scharenbergif  Lapw. 

Liplograptm  dmtatm,  Brong.  Caryoearis,  sp. 

The  beds  clearly,  therefore,  must  be  regarded  as  belonging  to 
the  zone  of  D.  hifidus. 

»  Geol.  Mao.,  1902,  p.  118. 

2  Brit.  Assoc.,  1903. 

»  Quart.  Journ.  Geol.  Soc.,  1886,  p.  476. 

<  Quart.  Journ.  Geol.  Soc.,  1896,  p.  523. 

*  Summary  of  Progress,  1902. 

•  Mem.  Geol.  Survey,  vol.  iii,  p.  161. 

7  Quart.  Journ.  Geol.  Soc.,  1876,  p.  134. 
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Marr  also  recorded  fossils  from  tbe  old  tramway  near  Pont 
Seiont  on  the  left  bank  of  tbe  river,  but  so  far  as  I  am  aware  tbe 
beds  exposed  from  Pont  Seiont  to  tbe  mouth  of  the  river  have  never 
been  described  in  detail,  and  since  they  contain  three  clearly  defined 
graptolitic  faunas  the  succession  is  not  devoid  of  interest. 


dt> 


<FiG.  1. — Sketch-map  of  Afon  Seiont  below  Pont  Seiont.     Scale,  6  inches  =  1  mile. 

(a)  Left  Bank. 

The  beds  are  first  seen  below  the  bridge  to  the  west  of  the 
railway,  along  tbe  cutting  made  for  the  Nantlie  Tramway,  long 
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disused,  and  now  much  overgrown.  For  200  yards  north-'west 
of  this  point  a,  the  beds  consist  of  sandy  or  slightly  mtoaoeoas- 
bluish-black  shales  with  narrow  limestone  bands,  dipping  S.E.  at 
angles  of  40^-50° ;  they  are  invaded  by  a  few  thin  dykes  of  diabase 
not  exceeding  one  foot  in  thickness ;  between  points  a-e  indicated 
on  the  map  they  have  yielded  numerous  specimens  of  Didymograpiu^ 
hifidus,  Hall,  JEglina  (Cyclopyge)  hinodosa,  Salt.,  Placoparia,  sp., 
Caryoearis  Wrightii,  C.  Marri,  Hicks,  Entomidella  Marri,  Hicks,  sp., 
Acrotrela  ?  and  Lingular  sp.  ;  they  therefore  belong  to  the  zone  of 
D.  hifidus.  Beds  somewhat  more  slaty  in  character  underlie  these 
to  the  north-west,  and  at  a  point/ due  east  of  the  bend  in  the  road 
above,  have  yielded  a  characteristic  assemblage  of  graptolites. 
Here,  however,  the  fauna  has  changed  its  character ;  the  *  tuning- 
fork  '  graptolites  are  found  no  more,  while  the  predominant  forms 
are  those  of  the  '  extensiform '  or  horizontal  type,  Didymograptu& 
hirundo,  Salt.,  and  2>.  nitidus.  Hall,  being  the  characteristic  fossils  of 
the  beds  exposed  between  the  points  /  and  g  of  the  map.  At  this 
point  g,  due  south  of  the  Gasworks,  the  tramway  cutting  ends,  and 
opposite  the  Qasworks  the  section  is  much  obscured  by  drift; 
descending  to  the  shore  it  is,  however,  soon  continued  in  a  north-west 
direction  by  a  series  of  tough  calcareous  flags  with  concretions  h, 
in  which,  however,  no  identifiable  fossils  were  found.'  These  highly 
calcareous  beds  are  underlain  by  a  series  of  micaceous  sandy  flags 
and  shales  i,  which  extend  round  the  bend  of  the  river;  they 
have  yielded  numerous  specimens  of  2>.  hirundo  and  D,  niiidus, 
a  solitary  specimen  of  D,  extensus,  Placoparia,  sp.,  and  numerous 
Phyllopods.  A  little  further  to  the  north-west  bluish  calcareous 
flags  weathering  brown  are  seen  to  pass  under  the  micaceous  beds ; 
these  beds  have  also  yielded  2>.  hirundo  and  2>.  nitidus,  but  fossils 
are  not  abundant,  except  at  ib,  where  in  a  more  shaly  band  D,  hirunda 
is  especially  common.  From  this  point  to  the  Boatyard  a  series 
of  calcareous  flags  with  shaly  partings  is  exposed  in  continuous 
downward  succession ;  they  dip  slightly  more  £.  than  the  higher 
beds,  but  the  inclination  is  the  same  in  amount.  The  fauna 
also  changes  its  character  somewhat,  for  while  the  beds  from  k  to 
the  old  tramway  contain  D.  hirundo  as  the  characteristic  fossil,  and 
therefore  constitute  the  zone  of  D,  hirundo,  in  the  beds  from  k  to 
the  Boatyard  D,  hirundo  is  rare,  and  the  common  graptolite  still  of 
the  '  extensiform '  or  horizontal  type  is  D,  exlensns  itself ;  this  fossil 
is  found  in  abundance  at  m,  and  less  commonly  at  /  and  n ;  with 
it  at  m  are  also  found  D,  hirundo  (rare),  Azygograptus  suedeus,  Mbg. 
(one  specimen),  .^lina  {Cyclopyge)  hinodosa,  Salt.,  and  numerous 
Phyllopods.  These  flaggy  beds  must  therefore  be  regarded  as 
belonging  to  the  zone  of  D,  extensus. 

Beyond  the  Boatyard  some  calcareous  flags  occur,  which  bave^ 
however,  yielded  no  organic  remains  other  than  Phyllopods ;  they 
are  seen  to  be  dipping  W.N.W.  in  an  opposite  direction  to  those 
above  the  Boatyard,  and  are  probably  the  same  beds  slightly 
disturbed  by  the  proximity  of  the  Bangor-Carnarvon  fault.  There 
is  then  a  break  in  the  suocession,  and  the  next  beds,  seen  at  the 
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oorner  beyond  the  ferry  house  and  bridge,  are  much  contorted  and 
disturbed,  and  of  a  nature  totally  different  from  any  of  those  just 
described.  The  Arenig  Series  seems  to  be  terminated  by  the 
Bangor-Carnarvon  fault,  which  crosses  the  river  close  to  the- 
Castle  and  brings  on  the  contorted  beds. 

(b)  BigU  Bank. 

A  similar  but  less  complete  succession  may  be  found  on  the  right 
bank  of  the  river  below  the  beds  previously  described  by  Marr 
(loc.  cit).  Flags  which  seem  to  belong  to  the  zone  of  2>.  hirundo 
are  exposed  in  the  railway  cutting  at  two  points,  and  below  the 
Castle  the  calcareous  flags,  which  form  the  lowest  visible  members 
of  the  Arenig  Series  in  this  district,  are  seen  again. 

The  zone  of  D.  hifidus  is  also  seen  in  a  quarry  by  the  mill  near 
the  Brickworks,  where  the  river  makes  a  big  bend,  doubling  back 
on  itself  for  a  short  distance  and  then  contiuuing  in  a  direction 
almost  at  right  angles  to  its  previous  course.  The  beds  are  here 
bent  into  a  slight  fold,  the  centre  of  which  is  occupied  by  greatly 
slickensided  calcareous  flags ;  graptolites  are  found  in  the  associated 
thinly  bedded  shales,  which  are  much  iron-stained ;  in  general  the 
fauna  resembles  that  of  the  beds  at  Pont  Seiont,  but  the  Didymograpti 
are  rarer  and  the  Diplograptid»  relatively  more  abundant.  The 
beds  have  yielded — 

J)idymograptu»  bifidut  (Hall),  rare.  Climaeograptus  eonfertuty  Lapw. 

Diplograptm  dentatu*,  Brong. 

Beds  on  approximately  the  same  horizon  are  also  exposed  at 
Peblig  Mill,  where  greasy  blue-grey  calcareous  mudstones  are  seen 
in  the  quarry  below  about  20  feet  of  drift.  They  are  underlain  at 
the  north  end  by  a  series  of  lighter-coloured  ochreous  flags  with 
darker  bands,  which  give  place  downward  to  blue-gprey  mudstones. 

The  only  fossils  obtained  from  this  locality  were  Didymograptus^ 
^t/idutand  Diplograptus  dentatua,  hoih  found  only  after  much  searching. 

Mbnai  Stbaits. 

Closely  connected  with  the  lowest  beds  seen  in  the  Seiont  Biver, 
though  shifted  slightly  to  the  north-west  by  the  Bangor-Carnarvon 
fault,  are  the  beds  which  come  out  on  the  Menai  Straits  beneath 
the  Carboniferous  rocks,  and  to  which  attention  was  first  directed  by 
Greenly  (Geol.  Mag.,  1898,  p.  660).  The  beds  are  well  exposed 
at  low  tide  between  the  Suspension  and  Tubular  Bridges.  Working 
westwards  from  the  Suspension  Bridge,  the  nearly  horizontal 
Carboniferous  beds  are  at  first  all  that  is  visible,  but  shortly  some 
fissile  red-coloured  slaty  beds  appear  beneath  them  with  a  general 
E.S.E.  dip.  They  are  at  first  only  observable  on  the  foreshore,  but 
soon  rise  into  a  low  cliff,  then  disappear  beneath  the  Carboniferous, 
to  reappear  before  reaching  the  rooky  point  opposite  the  rocks 
in  the  Strait  known  as  the  S willies.  They  form  the  rocky  point 
itselfy  and  an  examination  of  them  shows  that  the  red  colouring 
characteristic  of  the  higher  beds  is  merely  due  to  staining;    the 
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lower  beds  are    uncleaved   fissile  blue-black   shales   with    some 
KMtloareous  flaggy  bands.     Numerous  graptolites  can  be  obtained 
at  this  point,  and  are  particularly  abundant  in  the  more  shaly 
bands,  especially  in  a  band  close  below  the  limit  of  staining. 
I  have  collected  the  following  fossils  from  this  locality : — 

Didymograptm  extensusj  Hall.  Tetrofraptus  utrHf  Brong. 

D.  NichoUoni^  Lapw.  T,  Amii,  Lapw. 

D.  nitidua^  Hall.  Caryocaritj  ap. 

J).  gibbertUu$,  Nich.  LinguieUa^  sp. 

2>.  cf.  uniformU,  EUes  &  Wood.  Trilobite  (indet). 

Didymograptui  extensus  is  an  abundant  form,  and  the  beds  seem 
therefore  to  belong  to  the  zone  of  D,  extemui,  though  I  consider 
the  presence  of  Tetragrapti  indicates  that  the  beds  are  somewhat 
lower  down  in  the  zone  than  those  of  the  Seiont  Biver. 

Llbtn  Peninsula. 

In  the  neighbourhood  of  Aberdaron  Matley  has  described  several 
localities  where  Arenig  rocks  may  be  found  (loc.  cit.,  p.  118). 
He  groups  these  into  two  districts,  the  eastern  and  the  western. 

(a)  Eastem  DtatrtcL 

The  succession  and  mutual  relation  of  the  beds  is  best  indicated 
in  the  eastern  district  near  Llanfaelrhys. 

As  Matley  (and  previously  Tawney)  have  indicated,  the  Penarfynydd 
shales  contain  numerous  and  excellent  specimens  of  Didymograptm 
hifidus,  as  well  as  some  trilobites  and  other  fossils;  these,  therefore, 
represent  the  zone  of  B.  hifidus.  They  are  well  exposed  on  the  north 
side  of  Mynydd  Penarfynydd,  south  and  south-east  of  Penarfynydd 
Farm,  and  Matley  has  shown  that  the  same  shales  are  again  seen 
on  the  coast  between  Perth  Llawenan  and  Perth  Alwm.  They 
occur  here  between  two  dolerite  sills,  and  seem  to  be  faulted  slightly 
out  of  their  normal  position.  Further  west  excellent  exposures 
of  a  series  of  slaty  shales,  mudstones,  and  ironstones  are  seen  in 
the  little  gorge  of  Nant  y  Gadwen,  and  are  termed  by  Matley  the 
Nant  y  Gadwen  shales.  These  shales  belong  to  the  zone  of  D.  hirundo 
and  the  zone  of  D,  extensus.  The  upper,  more  slaty  beds,  which 
are  now  best  seen  on  the  east  side  of  the  gorge  and  contain 
DidymograptuB  himndoy  D.  nitidus,  and  Azygograptua  sueeicus,  constitute 
the  zone  of  JD.  hirundo ;  while  the  lower,  more  sandy  beds  of  the 
extreme  west  side  of  the  gorge  seem  to  belong  to  the  zone  of 
D,  extensus,  since  they  have  yielded  the  following  graptolites : — 

IHdymograptu*  extensus,  Hall.  Tetragraptut  Jmiiy  Lapw. 

D.  nitidis,  HaU.  T,  cf.  H$adi,  HaU. 

B.  gibbeiidutj  Nich.  Trinucleu$  Oibbti,  Salt.  ? 

D,  unifonniSy  EUes  &  Wood.  CatymeM^  sp. 

These  lower  beds  have  a  fauna  almost  identical  with  that  of  the 
Arenig  beds  of  Menai  Straits. 

The  fauna  of  the  beds  of  the  manganese-works  of  Benallt,  near 
fihiw,  seems  to  be  that  of  the  zone  of  2>.  hirundo. 
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(b)  Western  District. 

In  the  western  or  Aberdaron  tract  the  masses  of  shale  are  for 
the  most  part  faulted  patches,  and  the  only  idea  of  their  plaoe  in 
the  suooession  is  obtained  from  the  fanna  they  contain.  \ 

The  shales  seen  at  Parwyd,  since  they  contain  iidymograptus- 
hirundo  and  Azygograptua  sueeicue,  seem  to  represent  the  zone  of 
D.  himndOf  while  the  lower  zone  of  D,  exteneus  appears  to  be 
represented  by  the  beds  at  Perth  Mendwy,  though  the  graptolitefr 
here  are  rather  fragmentary,  and  it  is  certainly  exposed  in  the 
quarry  opposite  Dwyrhos  Farm,  where  numerous,  though  badly 
leserred,  specimens  of  the  zone  fossil  may  be  obtained. 

Abbnig.     (Figs.  2  and  3.) 

In  the  Arenig  district  there  are  two  graptolite*bearing  shale  bands 
associated  with  the  volcanic  group.     One  occurs  in  the  middle  of 


Fio.  2. — Sketch-map  ot  Xaut  Uhos  Ddu.     Scale,  6  iucbcs  =  .J  mile. 

the  volcanic  series,  the  other  underlies  it,  and  both  have  hitherto 
been  regarded  as  being  of  Arenig  age.  The  upper  shale  band, 
known  to  some  as  the  Daear  Fawr  shale,  contains  Diplograptida? 
and  a  few   Dioranograptidee :    the  JXplograpti,   which  are  chiefly 
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Diplograptus  foliacetu,  var.,  and  Diplograptus  angustifolius,  Hall,  are 
not  of  the  type  commonly  met  with  in  the  Arenig  beds  of  other 
localities,  but,  on  the  contrary,  are  of  the  type  characteristic  of  the 
beds  of  other  areas  now  generally  regarded  as  being  of  Llandeilo  age ; 
the  occurrence  of  Dicellograptus  MoffatenstSyCaLrr,  and  a  Dieranograptus 
points  the  same  way.  With  this  shale  band,  therefore,  I  am  not 
at  present  concerned,  though  its  fauna  is  clearly  of  interest  as  bearing 
on  the  age  of  the  volcanic  group  as  a  whole ;  it  is  possibly  the 
equivalent  of  the  middle  and  upper  slates  of  the  Moelwyn  district' 
The  lower  shale  band  underlies  the  main  volcanic  group  and 
contains  two  zones,  the  zone  of  D.  bifidus  above  and  the  zone  of 
D.  hirundo  below.  The  succession  may  be  studied  on  the  slopes 
of  Arenig  Fach  and  Arenig  Fawr. 

On  the  side  of  Arenig  Fach  there  rises  a  little  stream,  Nant  rhos  ddu, 
which  flows  at  first  in  a  S.  15^  W.  direction,  then  bends  abruptly, 
running  approximately  south -south-east  for  a  short  distance,  but 
«oon  resuming  its  former  direction,  crosses  the  Bala-Ffestiniog  road 
about  160  yards  below  Taihirion  Farm,  and  ultimately  runs  south 
to  join  the  river  Try  weryn.  A  series  of  shales,  impure  limestones, 
and  gritty  beds  are  exposed  in  the  little  gorge  made  by  the  stream 
when  it  runs  south-south-east,  and  also  where  it  resumes  its  south- 
west direction  above  and  below  the  road. 

The  general  succession  is  as  follows  (Figs.  2  and  8)  : — 

feet. 
8.  Felspathic  ash  of  main  volcanic  group. 
/  7.  Banded  slates  with  h'ght- coloured  a«hy  bands  (fossiliferous)         6 

k  6.  Blue-black  HlateH  with  j^ptolites  in  bands 3 

AuENiG.       <  5.  Impure  limestones  \^ith  few  shale  partinjrs  containing  a  few 

^  ^raptolites  4j 

4.  Grit  with  shale  wisps  ...         ...         ...         ...         ...         ...         4 

f  3.  Calcareous  flags. 
TUEMADOC.  {  2.  Ash. 

1.  Calcareous  slates  and  flags  (fossiliferous). 


( 


Fio.  3. — Diagrammatic  Section  across  Xant  Rhos  Ddu.     Vertical  scale  exaggerated. 

The  Arenig  beds  dip  E.  25°  N.  at  20°,  they  are  strongly  cleaved, 
the  cleavage  making  with  the  bedding  an  angle  of  about  20°.  Some 
of  the  ashy  bands  of  the  uppermost  series  have  yielded  Ogygia 
»'<elwyn%  (Salt.)  and  other  fossils,  and  the  blue-black  slates  which 
underlie  them  have  yielded  graptolites  characteristic  of  the  zone 
of  J),  bijidus,  namely,  D,  bifidus.  Hall,  Diplograptus  dentatus,  Brong., 
and  Climacogroptus  confertus,  Lapw.  The  only  fossiliferous  band 
among  the  impure  limestones  is  at  the  very  base  where  it  rests 

1  Quart.  Journ.  Geol.  Soc,  1891,  p.  368. 
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upon  ibe  grit,  and  this  has  yielded  a  few  Bpeoimens  of  i>.  hirundo 
and  seems  to  indicate  the  highest  bed  of  that  zone.  The  gnt  which 
underlies  the  limestones  appears  to  rest  unconformably  upon 
calcareous  flags,  and  in  these  and  the  beds  beneath  it  is  worthy 
of  note  that  the  dip  practically  coincides  with  the  cleavage,  and 
hence  the  difference  in  dip  between  the  two  series,  while  similar 
in  direction,  differs  to  the  amount  of  about  20^.  There  may  also 
be  some  faulting  along  this  line.  The  ash  of  the  lower  series  seems 
to  be  a  lenticular  patch ;  it  never  crosses  Nant  rhos  ddu,  and  its 
presence  seems  to  be  the  factor  determining  the  south-south-east 
course  of  the  stream,  for  with  its  appearance  the  stream  turns 
«outh-sonth-east,  and  with  its  disappearance  resumes  its  original 
direction.  The  age  of  the  lower  series  seems  to  be  sufficiently 
determined  by  the  presence  of  Asaphus  JTomfrayi,  Salt,  Agnostus, 
sp.,  and  Olenus  triarthrus,  Wale,  which  have  been  found  in  several 
localities  in  beds  dipping  40°  E.N.E.  They  seem  to  be  the  beds 
designated  Lower  Arenig  by  the  officers  of  the  Geological  Survey.* 
llie  Arenig  beds  are  probably  present  below  the  ash  band  on  the 
slopes  of  Ffridd  Bwlch-llestre ;  they  are,  however,  only  exposed 
at  one  other  locality,  namely,  in  the  stream  north-east  of  Bryn- 
maenllifo,  where  they  are  found  beneath  the  basal  agglomerate  of 
the  main  volcanic  group. 

On  the  other  side  of  the  valley  the  most  continuous  exposure  of 
tlie  Arenig  beds  is  found  on  the  north-west  slopes  of  Arenig  Fawr, 
in  the  stream  running  down  to  Hafodty  Milltir  Cerig  (Hafody 
Filltir  Gerig).     Here  the  succession  is  as  follows : — 

Felspathic  ash  (?)  of  main  volcanic  group. 
^  Thickly  bedded  ashes,  ashy  flags,  and  shales,  with  Ogygia  Selwyni 
I      (Salt.),  Monobolina  (OboUlla)  pluinbeay  Maclurea,  sp.,  Cahjmene^  sp. 

Thinly  bedded  slates  and  flags  M-ith  D,  bifidm, 
I  Grits. 
,  Finely  bedded  banded  shales. 

Diabase  intrusion. 

The  thickly  bedded  ashes,  ashy  flags,  and  shales  are  very  like  those 
of  the  Taibirion  side,  but  somewhat  thicker,  and  the  underlying 
«lates  contain  D,  hifidus  and  seem  to  represent  the  zone  of  D.  bifidua. 
The  lower  zone  of  D.  hirundo  is  probably  also  present,  since  in 
a  collection  made  by  Professor  Hughes  from  this  locality  there  are 
several  specimens  of  Axygograptus  suecicus  in  an  impure  limestone, 
and  Az.  sueeicus  is  commonly  found  associated  with  B.  htrundo 
elsewhere ;  I  have  not  myself,  howevei*,  detected  the  zone  in  sittu 
The  rocks  below  the  diabase  intrusion  seem  to  be  of  Tremadoc  age. 

South  Walks. 

The  graptolite-bearing  beds  of  South  Wales,  for  the  sake  of 
convenience,  may  be  considered  as  belonging  to  two  districts — 

(1)  Western  or  St.  Davids  District. 

(2)  Eastern  or  Haverfordwest-Carmarthen  District. 

»  *<  Geolog)*  of  North  Wales, *^  vol.  iii. 
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(!)    Western  District. 

Hicks '  and  Hopkinson'  long  ago  drew  attention  to  the  graptolite- 
bearing  beds  of  the  St.  Davids  district,  and  recorded  fossils  from  the- 
mainland  and  also  from  Ramsey  Island,  but  while  recent  work 
tends  to  confirm  Hicks'  view  that  the  beds  of  Llanvirn  and  Porth- 
Hajog  were  of  Upper  Arenig  age,  it  tends  to  modify  his  conclusions- 
respecting  the  age  of  the  other  graptolite-bearing  beds. 

(a)  Ahereiddy  Bay. 

The  relation  of  the  lowest  Llandeilo  beds,  forming  the  zone  of 
Z>.  MurehisoHif  to  the  uppermost  Arenig  slates,  constituting  the  zone 
of  D.  bifidus,  is  particularly  clear  in  this  western  district  and  wortlk 
notice.  At  the  extreme  south  end  of  Ahereiddy  Bay  a  series 
of  much  cleaved  black  slates,  dipping  a  few  degrees  W.  of  N.,  is 
seen  crowded  with  Didymograptns  Murehisoni;  ascending  the  cliff, 
a  well-marked  band  of  felspathic  ash  separates  these  black  slatea 
from  an  underlying  series  of  lighter-coloured  slates,  which  can  be 
observed  for  a  considerable  distance  along  the  track  leading  from 
the  spring  to  Nant;  they  also  dip  a  few  degrees  W.  of  N.  at 
a  high  angle,  and  have  been  extensively  quarried  in  the  past.  The 
most  fossiliferous  beds,  as  indicat^ed  by  Hicks,  are  those  in  the 
middle  quarry,  and  from  this  place  and  the  '  tips '  lying  north-west 
of  it  most  of  my  fossils  were  obtained. 

The  beds  contain   - 

Didymograptus  bifidus^  Hall.  CiyptograplM  tricovniSy  Carr. 

I),  fMfWSf  Lapw.  Glossoffraptiu  eiliatmy  £mmoii8. 

I).  Nicholsoniy  IjUpw.  Biplograptus  defitatus,  Brong. 

D.  patulmy  Hall.  Placoparia  eamh-etmSy  Hicks. 
D.  euoduB,  Lapw.i 

This  light-coloured  slate  series  therefore  clearly  represents  the 
zone  of  D,  bifidus  ;  it  is  underlain  by  a  succession  of  grits  and  flags 
well  exposed  in  the  old  quarry  near  Nant. 

(b)  Bamsey  Island. 

Beds  with  a  fauna  very  similar  to  that  just  described,  but  differing 
somewhat  in  their  lithological  characters,  were  found  by  Hicks  and 
Hopkinson  (loc.  cit.)  on  Ramsey  Island  at  the  head  of  a  little  creek 
on  the  south-west  known  as  Porth-Hayog  or  Perth  Llanog.  The 
beds  here  are  soft  black  shaly  mudstones,  sometimes  highly 
micaceous;  they  dip  N.W.,  and  have  yielded  an  abundant  fauna, 
including  the  following  graptolites : — 

Didymograptus  bifidmy  Hall.  Didymograptns  aeutidensy  Tjapw. 

D.  stabilis,  Elles  &  Wood.  D,  patulus,  Hall. 

D.  artttSy  Elles  &  Wood.  Diplograptus  dentatm^  Brong. 

D.  Niehohoniy  Lapw.  Climaeograptits  Seharenhergif  Lapw. 

2).  ajinis,  Nich.  CI.  confef'tus,  Lupw.' 

1  Hicks,  Brit.  Assoc.  Rep.,  1872,  1873 ;  Quart.  Journ.  Geol.  Soc.,  1875,  p.  167- 
»  Hopkinson,  Brit.  Assoc.  Rep.,  1872,  1873. 

'  Cf.  lists  of  Hicks  and  Hopkinson,  loc.  cit.,  and  Hopkinson  and  Lapworth,  Quart. 
Joum.  Geol.  Soc.,  1875,  p.  631. 
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Possibly  the  shales,  wliioh  seem  to  be  responsible  for  the  formation 
of  the  little  bay  south  of  Trvryn  Gaelio,  and  thence  run  south-east, 
belong  also  to  this  zone  of  D.  hifidus,  but  I  have  been  unable  to 
determine  this  with  certainty. 

The  greater  part  of  the  black  slaty  beds  forming  the  cliffs  at 
Road  Uchaf  and  Road  Isaf  have  the  fauna  characteristic  of  the 
higher  part  of  the  zone  of  2>.  extensus ;  the  beds  dip  landwards  at 
a  very  high  angle,  and  run  approximately  north  and  south.  The 
following  fossils  occur : — 

IHdymograptuM  extentut.  Hall.  Dendrograptus  arbwcula,  Salt. 

D.  sparMuSy  Hopk.  D,Jlexuo$its,  Hall. 

D,  pennatulus,  Hall.  Z>.  divergens^  Hall. 

JD.  ffibbentlut,  Nich.  J),  difusus,  Hall. 

Trigonograptu*  ensiformit,  Hall.  D,  Homfragit  Hopk. 

T.  truneatu9,  Lapw.  Fiilograptus  Hiek»i^  Hopk. 

GaUograptu$  radiatua  (Salt.).  P.  erUtatay  Hopk. 

The  higher  beds  seen  possibly  represent  the  lower  beds  of  the 
zone  of  i>.  hirtmdo^  since  they  are  crowded  with  a  species  of  graptoHte, 
B,  sparsus,  closely  allied  to  D.  hirvndo,  if  not  merely  a  variant  of  it, 
and  the  typical  fossil,  so  far  as  I  am  aware,  has  not  yet  been  recorded 
from  the  island  ;  the  higher  beds  of  the  zone  of  A  hirundo  may  be 
present  west  of  Aber  Mawr,  but  they  are  not  well  exposed  owing 
to  the  nature  of  the  country.  The  rocks  may  be  faulted  as  Hicks' 
map  would  indicate,  yet  it  is  remarkable  that  the  graptolite  zones 
occur  precisely  where  they  might  be  expected  were  the  succession 
normal. 

(c)   Whiteaand  Bay. 

Slaty  beds  containing  an  abundant  Dendrograptus  fauna  ^  are  found 
on  the  mainland  in  Whitesand  Bay,  north  of  Trwyn  Hwrddyn  ;  they 
were  considered  by  Hicks  to  be  of  the  same  age  as  the  beds  of 
Road  Uchaf  and  Road  Isaf,  but  the  evidence  tends,  I  think,  to 
show  that  these  Whitesand  Bay  beds  are  considerably  lower  in  the 
Arenig  Series  than  any  seen  on  Ramsey  Island. 

These  slaty  beds  are  highly  inclined,  and  dip  a  few  degrees 
west  of  north  at  a  high  angle,  they  pass  upward  into  a  series  of 
well-bedded  slates  with  gritty  bands  seen  in  the  old  quarry  in  Forth 
Llenog,  and  from  these  beds  there  have  been  obtained — 

Asggograptua  Sieksiy  Hopk.  Dendrograptus  arbuseulay  Hall. 

Tetragraptm  Amity  Lapw.  D.jUmMMy  Hall. 

T,  quadHbrachiatu8y  Hall.  Callograptus  elegan»y  Hall. 

Didymograptus  (extentu$  type).  C,  Salteriy  Hall.* 
Clematograptus  implicatuSy  Hopk. 

This  fauna  suggests  the  lower  part  of  the  zone  of  D,  extensuiy  and 
hence  these  beds  are  rather  lower  than  any  seen  on  Ramsey  Island ;  . 
thns  the  beds  which  underlie  them  to  the  south  must  be  still  lower 
in  the  series. 

Hiese  slates  pass  up  into  others  containing  a  rich  fauna,  Trilobites 
and  Brachiopods,  but  no  identifiable  graptolites.  These  are  also 
seen  at  Portii  Melgan,  east  of  St.  Davids  Head. 

*  C£.  lists  of  Hicks  and  Hopkinson,  loc.  cit. 

DBCADB  y.— VOL.  I. — NO.  T.  14 
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(2)  Eastern  District. 

Further  east  in  South  Wales,  in  the  eastern  part  of  the  Haverford- 
west district,  Marr  &  Roberts  ^  have  indicated  in  their  *  Didymograptus 
shales '  the  extension  eastwards  of  the  zones  of  D.  Murchisoni  above 
and  D.  hifidus  below.  And  a  collection  of  fossils  made  long  ago  by 
the  late  T.  Roberts,  and  now  in  the  Sedgwick  Museum,  Cambridge, 
seems  clearly  to  point  to  the  existence  of  the  zone  of  D.  extensus  at 
Talfan,  near  Whitland,  since  the  beds  there  have  yielded  J),  extensus. 
Hall,  2).  nittdus,  Hall,  Tetragraptus  serra,  Brong.,  T.  Amiif  Lapw., 
T,  Meadi,  Hall,  Dendrograptus  fruticosus,  Hall,^  Callograptus  per- 
seulpttts,  Hopk.,  and  C.  Salteri,  Hall. 

In  the  Carmarthen  district  Crosfield  &  Skeat^  have  mapped  the 
zones  of  JD.  Murchisoni  and  D.  bifidus  over  a  considerable  tract  of 
country,  and  the  fauna  of  the  shales  of  Hafod  Wen,  which  they  have 
courteously  permitted  me  to  examine,  containing  as  it  does  both 
D.  hirundo  and  B.  nitidus,  leads  me  to  believe  that  the  Hafod  Wen 
shales  represent  the  zone  of  J),  hirundo;  the  beds  of  Glan  Pibwr 
possibly  indicate  the  still  lower  horizon. 

Correlation  and  Conolusions. 
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Tetragraptus 
phyllograptoides. 

Tremadoc 

Shineton 

Bryograptus 

Bryograptus 

Beds. 

Shales. 

Beds. 

Beds. 

The  correlation  of  the  Welsh  Arenig  Series  with  beds  of  other 
areas  is  indicated  in  the  above  table. 

The  facts  noticed  about  the  beds  would  lead  us  to  suspect  that 
the  series  is  incomplete  in  Wales,  and  a  comparison  with  other 
areas  tends  to  confirm  this  suspicion. 

^  IxMj.  cit.  *  Loc.  cit. 
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With  the  possible  exception  of  the  lowest  beds  of  the  series  seen 
in  Whitesand  Bay,  there  is,  so  far  as  our  present  knowledge  goes, 
nothing  comparable  with  the  Dichograptus  beds  of  the  Lake  District 
or  the  Lower  Mytton  Flags  of  Shropshire.  In  the  Lake  District 
the  many  branched  graptolites  are  characteristic  of  this  horizon. 
It  is  always  possible  that  the  beds  may  not  be  represented  in  Wales 
by  the  graptolitic  facies,  but  up  to  the  present  time  no  graptolite- 
bearing  beds  of  true  Arenig  age  have  been  recorded  resting  con- 
formably upon  the  Garth  grit  of  Oarth  (Portmadoc)  and  its  true 
equivalents.  The  beds  of  Ty  Obry  and  Ty  Fry  have  a  fauna  more 
olosely  allied  to  that  of  Llandeilo  rocks  than  to  that  of  any  Arenig 
beds  with  which  I  am  acquainted.  Hence  there  is  the  possibility 
of  a  break  in  the  succession  between  the  grit  of  Garth  and  higher 
beds ;  there  may  be  other  grits  in  the  series  indicating  recommence- 
ment of  deposition,  but  these  are  not  strictly  the  equivalents  of  the 
grit  of  Garth. 

Table  showing  Extent  of  Zones  in  Wales. 
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In  conclusion,  I  offer  my  grateful  thanks  to  Dr.  Matley  for  the 
loan  of  his  maps  of  the  Lleyn  Peninsula,  and  for  advice  concerning 
the  working  of  it ;  to  Dr.  J.  E.  Marr  for  allowing  me  to  examine 
his  collection  of  fossils ;  to  Miss  H.  Drew,  of  Newnham  College, 
and  Mr.  W.  G.  Feamsides,  of  Sidney  Sussex  College,  for  help  in 
<;ollecting  fossils  in  various  places. 

III. — Further  Notes  on  the  Mammals  of  the  Eocene  op  Egypt. 

Part  III. 

By  C.  W.  Andrews,  D.Sc,  F.G.S.,  British  Museum  (Natural  History). 

AMONG  the  collections  now  in  Cairo  I  find  several  new  mammals, 
the  remains  of  which  have  been  collected  by  Mr.  Beadnell,  for 
the  most  part  during  the  last  few  months.  Brief  descriptions  of 
these  new  forms  are  now  given  in  order  that  the  names  may  be 
included  in  the  lists  in  Mr.  Beadnell's  forthcoming  report  on  the 
geology  of  the  Fayum  area. 

Plerodon  macrognathus,  sp.  no  v. 

This  creodont  is  known  from  the  nearly  complete  left  ramus 
of  the  mandible.  The  last  molar,  the  first  premolar,  and  the 
incisors  are  represented  by  the  alveoli  only,  but  the  other  teeth, 
with  the  exception  of  the  canine,  the  crown  of  which  is  broken  ofif, 
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are  in  fairly  good  condition.  The  mandible  is  long  and  narrow 
from  aboTe  downwards,  the  distance  between  the  last  tooth  and 
the  condyle  being  remarkably  great  The  transversely  elongated 
cylindricMtl  condyle  is  about  on  a  level  with  the  alveolar  border, 
and  is  separated  from  the  prominent  angle  by  a  deep  notch;  the 
ooronoid  region  is  imperfect.  The  teeth  are  not  very  unlike  those 
of  Pterodon,  but  it  may  subsequently  be  found  necessary  to  establish 
a  new  genus  for  the  present  species.  The  last  molar  is  represented 
by  the  alveolus  only.  M.  2  consists  of  a  high  blunt  main  cusp, 
a  small  antero-intemal  cusp,  and  a  large  talon  with  a  blunt  cutting 
edge  near  its  outer  side.  M.  1  is  mudi  smaller  than  m.  2,  but  the 
talon  is  relatively  larger  and  consists  of  a  distinct  tubercle,  on  the 
inner  side  of  which  there  is  a  prominent  cingular  ridge.  The  last 
premolar  (pm.  4)  is  much  larger  than  m.  1 ;  it  consists  of  a  high 
cosp  and  a  small  talon ;  the  cingnlum  is  distinctly  developed  on  the 
inner  side  of  the  tooth.  Pm.  3  and  pm.  2  are  simple  conical  two- 
rooted  teeth,  the  crowns  being  small  in  comparison  with  the  roots, 
at  least  in  pm.  3.  Pm.  1  was  a  small  one-rooted  tooth,  squeezed 
outwards  by  the  large  canine,  which  was  oval  in  section.  The  three 
incisors  were  so  crowded  together  that  the  median  one  was  situated 
behind  and  above  the  other  two. 

On  the  outer  side  of  the  jaw  beneath  the  premolars  there  were 
four  foramina  separated  by  equal  intervals.  The  dental  foramen 
lies  far  back  and  is  very  small.  This  species  may  for  the  present 
be  referred  to  Pierodon  under  the  name  F,  macrognathus. 

The  dimensions  of  the  type-specimen  (No.  8982,  Cairo)  are : — 

mm. 

Total  length  of  the  jaw 212 

Depth  of  ramus  at  hinder  end  of  the  symphysis 32 

Depth  of  ramus  beneath  m.  3      32 

Length  of  symphysis        58 

Width  of  condyle 23 

Distance  between  hindw  border  of  the  alfeolus  of  m.  3  and  the 

posterior  angle  of  the  condyle  102 

Jjcngth  of  the  alyeolns  of  m.  3 16 

m.  2      16 

m.  I      13 

pm.  4 17 

pm.  8 14 

pm.  2 12 

Antero-poflterior  diameter  of  canine       20 

Qeniohyus  major,  sp.  no  v.  (No.  8980,  Cairo). 
Three  beautifully  preserved  premolars  (pm.  1,  2,  3)  indicate  the 
existence  of  an  animal  closely  similar  to  Qeniohyus  fajumensis,  but 
much  larger,  the  antero-posterior  length  of  the  teeth  in  the  two 
species  being — 

Oemohym  major,  G,  fyium^fuis. 

pm.  1     18  mm 13  mm. 

pm.  2 19    „  14    „ 

pm.  3 20    ,,  15    „ 

In  fact»  the  length  of  the  three  anterior  premolars  in  the  present 
species  is  the  same  as  that  of  the  whole  premolar  series  in  Q^fajumensis. 
In  structure  these  teeth  differ  from  those  of  0.  fajumeneis  in  much- 
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the  same  way  as  the  latter  differ  from  the  premolars  of  Q.  mirus, 
that  is  to  say,  their  selenodont  charaoter,  particularly  of  the  posterior 
cusp,  is  more  distinct. 

Megalohyrax  minor,  sp.  nov. 

A  left  maxilla  (No.  8188,  Cairo)  with  the  very  well  preserved 
molars  and  premolars  may  be  taken  as  the  type  of  this  species. 
Except  for  their  smaller  size  the  teeth  are  very  similar  to  those  of 
Megalohyrax  eocanus.  The  chief  differences  are  that  the  premolars 
are  somewhat  simpler.  Thus,  pm.  1  has  an  elongated  crown  without 
a  postero-intemal  cusp,  and  is  very  similar  to  the  canine  of  the 
larger  form,  and  in  the  same  way  the  succeeding  premolars  each 
resembles  the  tooth  in  front  of  it  in  M,  eocanus.  Another  peculiarity 
is  that  the  parastyle  is  better  developed.  The  molars  are  much 
alike  in  the  two  species. 

The  dimensions  of  the  upper  teeth  in  the  type-specimens  of 
Megalohyrax  minor  and  M,  eocanus  are  given  below : — 


(approx.). 


?th. 

M.  minor. 

M,  eoemnua 

29  mm. 

37  mm. 

m!  2     '.'.',        '.'.', 
m.  1     

...        26    „ 
...        21     „ 

...        37    „    ( 
...         30     „ 

pm.  4 

v^-l 

pm.  2 

pm.  1 

...         17    „ 

...         16    „ 

14     „ 

...         15     „ 

z   lb  r, 

23     „ 

...         18     „ 

The  total  length  of  the  molar-premolar  series  is  13  cm. 

Portions  of  a  mandible  perhaps  referable  to  this  species  also  occur  in 
the  collection.  The  specimen  consists  of  two  pieces,  one  the  greater 
part  of  the  right  ramus  with  pm.  2-4  and  m.  1-3,  the  other  the  anterior 
portion  of  the  left  ramus  with  part  of  the  symphysis,  containing 
pm.  3-4,  m.  1-2,  and  in  front  two  incisors,  probably  i.  1  and  i.  2. 
The  incisors  have  very  broad  short  spatulate  crowns,  greatly  com- 
pressed from  within  outwards,  and  bearing  a  continuous  wear-surface 
along  their  edges.  It  is  difficult  to  see  how  such  teeth  could  have 
bitten  against  the  large  upper  incisor,  which  it  has  been  suggested 
was  present  in  Megalohyrax,  but  it  is  not  impossible  that  they  may 
have  worked  against  a  ledge  on  the  hinder  surface  of  a  tusk-like 
incisor.  Further  material  is  necessary,  particularly  the  anterior 
portion  of  a  skull  of  one  of  the  species  of  this  genus. 

The  molars  and  premolars  each  consist  of  two  crescents,  and  from 
the  inner  end  of  the  hinder  limb  of  the  anterior  crescent  a  short 
ridge  runs  back  on  the  inner  side  of  the  tooth,  partly  closing  the 
opening  of  the  hinder  V  of  the  tooth.  The  posterior  premolars  and 
anterior  molars  are  alike.     The  dimensions  of  the  teeth  are  : — 


length. 

Greatest  width 

m.  3     ... 

33  mm. 

20  mm. 

m.  2    ... 

... 

23     „ 

18    „ 

m.  1     ... 

19    „ 

16     „ 

pm.  4  ... 

18     „ 

16     „ 

pm.  3  ... 

16     „ 

H     „ 

pm.  2  ... 

17     „ 

11      M 

length  of  series 

from  pm 

.  2  to  m.  3  inclusive,  12*7  cm. 

The  width  of  the 

crowns 

of  the 

incisors  are:  i.  1, 

14  mm 

;  i.2,  16n 
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S.  antiquufn, 

78  mm. 

62  mm^ 

32  „ 

25 

39  „ 

34 

17  „ 

15 

15  „ 

14 

10  „ 

11 

10  „ 

8 

9  „ 

7 

8  „ 

6 

8  „ 

6 
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Saghatherium  fnagnumj  sp.  nov. 
Farther  examiaation  of  the  type  of  Saghatherium  antiquum  in  the 
museum  at  Cairo  shows  that  a  specimen  of  the  upper  dentition 
preserved  in  the  British  Museum,  which  I  had  regarded  as  belonging 
to  that  species,  is  actually  much  larger  and  differs  slightly  in  some 
other  points.  1  propose,  therefore,  to  make  this  specimen  the  type  of 
a  new  species,  Saghatherium  magnum.  The  approximate  dimensions, 
compared  with  those  of  the  type  of  S.  antiquum,  are  : — 

Length. 

Cheek  teeth  (molars,  premolars,  and  canine) 

Premolar  series 

Molar  series      

m.  3       

m.  2       

m.  1       

pm.  4 

pm.  3 

pm.  2 

pm.  1     ,        

The  separate  teeth  are  measured  along  their  outer  wall. 

One  of  the  most  striking  differences  between  the  two  species, 
other  than  size,  is  that  in  the  last  molar  of  S,  magnum  the  metastyle 
is  much  less  developed  than  in  S.  antiquum. 

The  anterior  portion  of  the  upper  jaw  showing  the  large  incisor, 
figured  in  the  Geological  Magazine,  1903,  p.  840,  under  the  name 
S.  antiquum,  is  actually  part  of  the  type-specimen  of  the  present 
species. 

All  the  species  described  above  are  from  the  Upper  Eocene  bed» 
of  the  Fayiim. 

Zeuglodon  iaia,  Beadnell  MS. 

The  existence  of  a  large  species  of  Zeuglodon  other  than  Z,  osiriV, 
Dames,  in  the  beds  beneath  the  Qasr-es-Sagha  series  has  already 
been  referred  to  by  Stromer  ^  and  also  in  this  Magazine  (1901,  p.  437). 
Mr.  Beadnell  refers  to  this  species  in  his  memoir  on  the  geology  of 
the  district,  which  will  be  published  shortly,  as  Zeuglodon  iais,  and 
this  name  is  here  adopted.  The  most  important  specimen,  which 
may  be  taken  as  the  type,  is  a  right  ramus  of  the  mandible  complete 
as  far  as  the  back  of  the  tooth  series ;  this  was  collected  from  the 
Birket-el-Qerun  beds  of  the  Middle  Eocene.  The  teeth  in  the 
anterior  portion  are  lost,  but  the  hinder  ones  are  present,  though 
somewhat  broken  and  obscured  by  matrix  which  cannot  be  removed. 

The  total  length  of  the  specimen  is  83  cm.  In  front  it  terminates 
in  a  blunt  point,  and  is  convex  from  above  downwards  on  its  outer 
face,  while  the  inner  face  forms  a  flat  symphysial  surface  for  union 
with  the  opposite  ramus.  The  depth  of  the  ramus  at  the  second 
alveolus  is  about  64  mm.,  but  posteriorly  it  deepens,  till  behind 
the  last  molar  it  is  about  220  mm.  The  extreme  anterior  end  is 
occupied   by  an   empty  alveolus,  and  behind  this  there  are  three 

*  *  *  Zeuglodon-reste  aus  dem  Oberen  Mitteleocaen  des  Fajum  '* :  Beitr.  Pal.  u.  GeoL 
Osier.. Ung.  u.  d.  Orients,  Bd.  xr.  Heft  2  and  3  (1903),  p.  83. 
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other  alveoli  for  single-rooted  teeth ;  these  oooapy  the  anterior 
26  centimetres  of  the  jaw.  The  next  tooth  is  in  stitl ;  its  anterior 
border  is  32  cm.  from  the  tip  of  the  jaw.  The  crown  is  high 
and  conical,  somewhat  compressed  from  side  to  side,  with  sharp 
anterior  and  posterior  edges  and  slightly  curved  backwards.  On 
the  anterior  edge  near  the  base  of  the  tooth  there  are  five  or  six 
blunt,  upwardly  directed  denticnlations,  while  on  the  posterior 
edge  there  are  four  or  five  larger  ones.  The  height  of  the  tooth 
crown  was  6*5  cm.,  the  length  of  its  base  5  cm.  The  next  tooth, 
separated  from  the  last  by  an  interval  of  about  5  cm.,  was  broad 
and  double  -  rooted ;  its  crown  is  somewhat  broken,  but  it  can  be 
seen  that  on  its  anterior  and  posterior  edges  there  were  several 
large  and  sharp  denticnlations.  The  length  of  the  tooth  at  its  base 
was  about  6*6  cm.  The  next  tooth,  which  is  separated  from  the 
last  by  an  interval  of  4*5  cm.,  is  similar,  as  also  is  the  next,  which 
18  in  contact  with  that  in  front.  The  last  three  teeth  (the  molars) 
di£fer  considerably  from  those  just  described.  They  are  closely 
crowded,  and  have  a  nearly  straight  anterior  border,  denticnlations 
occurring  on  their  posterior  edge  only.  On  the  whole  the  dentition 
closely  resemblea  that  of  Zeuglodon  oBtria  as  figured  by  Stromer.^ 

A  number  of  very  large  vertebra  have  also  been  found ;  the 
dimensions  of  one  of  these  are: — Length  of  centrum,  23*5 cm.; 
transverse  diameter,  17*7  cm. ;  vertical  diameter,  15  cm. 

P.S. — In  reference  to  my  account  of  the  teeth  of  Aninoitherium 
given  in  the  last  part  of  these  notes,  my  attention  has  been  drawn 
to  the  fact  that  in  a  footnote  to  one  of  his  geological  papers 
Blanckenhorn  has  mentioned  the  similarity  between  this  dentition 
and  that  of  Coryphodon, 

Cairo,  April,  1904. 

ITOTIOE5S    OIF    3Sd:E3S^Oi:RS,    EOTO. 


I. — Palaeontology  in  the  National  Museum,  Melbourne. 

rilHE  following  Report  of  the  Palsdontologist  of  the  National 
X  Museum,  Melbourne,  Mr.  Frederick  Chapman,  has  recently 
been  issued,  and  gives  a  good  general  idea  of  the  material  available 
for  study  in  that  Institution  : — 

After  the  preliminary  work  of  unpacking  and  generally  inspecting 
the  collections  of  fossils  placed  in  my  charge,  the  work  of  self  oting 
a  series  of  specimens  to  illustrate  Australian,  and  particularly 
Victorian,  palaeontology  was  commenced,  lliis  has  been  pro- 
gressing, in  conjunction  with  other  necessary  work,  with  the  result 
that  there  are  now  on  view  15  table-cases  of  typical  Australian 
fossils,  including  the  Cambrian,  Ordovioian  (Lower  and  Upper),  and 
the  Silurian.  I  have  introduced  certain  noteworthy  features,  such 
as  explanatory  diagrams  and  illustrations,  into  the  arrangement  of 
these  cases,  in  order  to  make  them  more  interesting,  both  to  students 

»  Op.  cit.,  pi.  riii,  fig.  2. 
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and  the  public.  Our  oolleotions  of  Palasozoio  foMils  have  been  oon* 
eiderably  enriohed  by  the  purofaase  of  the  valaable  series  formed 
by  the  Rer.  A.  W.  Cresswell,  M.A.,  and  Mr.  F.  Spry  respectively, 
and  the  donation  by  Mr.  G.  Sweet,  F.G.S.,  of  the  entire  series  of 
Cambrian  fossils  now  on  exhibition.  The  large  fossils  and  oasts 
have  been  repaired  and  repainted,  and  the  whole  labelled  in 
aooordance  with  the  latest  nomenclature.  These  exhibits  are  arranged 
in  the  Upper  Qallery  of  the  Museum  on  the  north-east  side,  which 
was  thrown  open  to  visitors  last  November. 

I  have  prepared  and  hung  in  the  Oallery  two  long,  coloured 
geological  sections,  one  illustrating  the  geology  of  Victoria,  running 
through  the  State  in  a  west  to  east  direction,  and  the  other  taken 
through  Melbourne  from  Brunswick  to  Ormond  Point,  near  St  Eilda. 
Every  care  has  been  taken  to  render  these  correct  according  to  the 
latest  information,  and  in  working  out  these  details  I  have  been 
greatly  assisted  by  the  friendly  help  of  Professor  Gregory,  F.B.S., 
and  Mr.  T.  S.  Hall,  M.A.  One  thousand  and  thirty-seven  fossils 
have  been  determined,  most  of  which  are  now  exhibited. 

Since  a  large  number  of  the  Palsdozoic  fossils  of  Victoria  are  still 
awaiting  description,  this  work  has  been  taken  in  hand,  and  I  have 
figured  and  described  (Proc.  Boy.  Soc.  Vict,  vol.  xv,  pt.  2)  fourteen 
fossils  in  the  National  Museum,  ten  of  which  are  new  to  science ;  two 
new  genera  have  also  been  established  to  receive  two  of  these  fossils. 

The  very  comprehensive  and  valuable  collection  of  fossils  in  the 
Museum,  brought  together  under  the  direction  of  the  late  Sir 
Frederick  McCoy,  was  a  distinct  and  agreeable  surprise  to  one 
who,  although  familiar  with  the  English  national  collection,  did 
not  anticipate  meeting  with  anything  at  all  comparable  in  the 
southern  hemisphere ;  and  these,  chiefly  the  foreign  specimens, 
will  be  most  valuable  for  purposes  of  comparison  with  those  of 
Victoria. 

II. — Vakious  Short  Notiobs. 
1.  The  subject  of  **  Clastic  Dikes"  is  dealt  with  by  Mr.  J.  F. 
Newsom  (Bull.  Qeol.  Soo.  America,  xiv,  227,  1903).  He  describes 
a  number  of  sandstone  dikes  in  San  Luis  Obispo  and  Santa  Cruz 
counties,  California.  The  rocks  of  San  Luis  Obispo  are  Cretaceous 
sandstones,  overlain  by  Miocene  shales,  which  are  cut  by  sandstone 
dikes.  These  dikes  occur  near  the  axis  of  a  low  synclinal  fold, 
where  former  conditions  were  probably  favourable  to  great  hydro- 
static pressure.  The  author  is  of  opinion  that  soft  sands  were  forced 
up  from  below  along  joint  planes,  and  that  the  sands  were  afterwards 
firmly  cemented  by  calcium  carbonate.  Near  Santa  Cruz  there  are 
dikes  of  sandstone,  varying  from  mere  films  along  joint  planes  to 
intruded  masses  several  feet  thick.  These  cut  the  Miocene  shales 
at  various  angles  on  the  western  side  of  a  faulted  monoclinal  fold. 
The  smaller  films  are  usually  bituminous.  In  the  author's  opinion 
there  is  evidence  that  the  underlying  sandstones  were  formerly  oil- 
bearing,  and  that  the  oil-bearing  sands  were  forced  into  joints  in 
the  shales.    The  larger  dikes  formed  the  avenues  of  escape  for  the 
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petroleum,  and  subsequently  for  water  which  carried  the  oil  and  oil 
residues  from  the  intrusions.  The  author  concludes  with  a  rery  full 
summary  of  the  literature  of  Clastio  Dikes. 

2.  Db.  F.  H.  Hatch  has  written  a  brief  description  of  "  The 
Boulder  Beds  of  Ventersdorp,  Transvaal ''  (Trans.  Geol.  Soc. 
S.  Africa,  vi,  96,  1904).  The  boulder  (*  banket  *)  beds  consist  of 
pebbles  and  large  masses  of  slate,  conglomerate,  and  quartzite, 
identical  with  rocks  occurring  on  the  Rand  and  belonging  to  the 
Witwatersrand  Beds ;  and  they  include  also  various  igneous  rocks. 
Some  of  the  banket  boulders  have  been  found  to  contain  gold  in 
payable  quantity,  but  these  occurred  amid  many  non-auriferous 
masses,  the  fact  being  that  the  boulder  beds  have  been  derived 
ohiefly  from  the  Witwatersrand  Beds  upon  which  they  rest  unoon- 
forniably.  Dr.  Hatch  remarks  that  the  boulder  beds  include  not 
only  conglomerates  but  igneous  breccias,  and  the  formation  appears 
to  have  been  initiated  by  the  outpouring  of  vesicular  lavas  known  as 
the  Klipriversberg  Amygdaloid.  For  the  group  he  applies  the  term 
^*  Ventersdorp  Beds." 

3.  "  The  Geological  History  of  the  Gouritz  River  System  "  is  the 
title  of  an  essay  by  Mr.  A.  W.  Rogers  (Trans.  S.  African  Phil.  Soc, 
xiv,  875,  1903).  This  river  system  drains  the  country  southwards 
from  the  Nieuweveld  Ranges,  and  the  principal  rivers,  after  crossing 
a  broad  tract  of  less  elevated  ground,  traverse  in  succession  the 
mountainous  tracts  of  the  Zwartebergen  and  Langebergen.  The 
author  describes  the  physical  changes  to  which  the  area  has  been 
subjected,  and  which  have  led  to  the  present  drainage  system. 

4.  An  Indkx  to  Gkologioal  Papers. — Many  valuable  papers  on 
the  geology  of  Devonshire  are  scattered  through  the  first  thirty-four 
volumes  of  the  Transactions  of  the  Devonbhire  Association  for  the 
Advancement  of  Science,  etc.  Vol.  xxxv  (1903)  contains  a  con- 
tinuous alphabetical  index  to  these,  by  Mr.  J.  G.  Hamling,  who  has 
placed  each  paper  under  three  headings,  viz.,  subject,  locality,  and 
author.  Geologists  will  be  grateful  to  the  compiler,  and  it  is  only 
because  he  asks  for  intimation  of  any  mistakes  or  omissions  that  we 
venture  to  suggest  the  desirability  for  an  extension  of  the  subject 
entries;  for  example,  there  are  only  eight  entries  under  *  Caverns' 
and  only  eight  under  *  Fossil,'  although  the  number  of  papers  dealing 
with  those  subjects  is  vastly  greater. 

5.  "Devonshire  in  the  time  of  the  Lower  Chalk"  is  the  title 
of  a  paper  by  Mr.  Jukes-Browne  (Trans.  Devon  Assoa,  xxxv,  787, 
1903).  An  accompanying  map  shows  the  probable  geography  of 
the  south-west  of  England  and  north-west  of  France  in  the 
Oenomanian  (Lower  Chalk)  age.  Exmoor  is  represented  as  an 
iMliind,  while  the  country  south-west  of  Tintagel  and  Dartmoor  is 
regarded  as  part  of  "  the  Western  Land  "  connected  with  Brittany 
and  Normandy. 

6.  Ik  another  paper  on  "The  Geology  of  the  Country  around 
Ohard"   (Proc.  Somerset  Arch,   and  Nat  Hist.  Soc.,  xlix,  1903) 
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Mr.  Jukes-Browne  gives  a  particular  acoount  of  the  Selbornian 
Sands  (Upper  Qreeiisand)  and  Ohalk,  with  an  excellent  photograpbia 
view  of  the  quarry  at  Snowdon  Hill,  Chard,  famed  for  its  rich  fossil- 
bed  at  the  base  of  the  Chalk. 

7.  In  an  article  on  "  The  Cotteswold  Hills"  (Proc.  Cottesw.  Club, 
xiv,  205,  1903)  Mr.  S.  S.  Buckman  discusses  the  area  of  the 
Cotteswolds,  the  spelling  of  the  name,  and  other  matters  of  topo- 
graphical interest — entering  fully  into  the  literature  of  the  subject. 
A  map  on  the  scale  of  an  inch  to  4  miles  accompanies  the  article, 
and  on  it  he  has  marked  the  limits  he  is  led  to  assign  to  the 
Cotteswold  Hills  and  the  names  of  the  bordering  vales.  To  aid 
in  his  decision  he  has  sought  the  best  advice  from  residents  and 
others.  The  greatest  diflSculty  in  fixing  a  boundary  was  in  the 
region  east  of  Burford,  a  tract  sometimes  spoken  of  as  the  Oxford 
or  Oxfordshire  Downs.  With  regard  to  this  term  Lord  Moreton 
writes  that  it  is  not  a  geographical  expression,  but  "  simply  meanfr 
the  sheep  of  Oxfordshire  of  a  down  character."  The  Cotteswold 
Hills  as  now  marked  out  extend  from  Ebrington  Hill  on  the  north 
to  Lansdown  by  Bath  on  the  south.  The  western  limit  is  naturally 
bounded  by  the  escarpment  of  the  Oolites.  The  eastern  limit  is  taken 
to  include  Badminton  (but  not  Malmesbury),  Tetbury,  Cirencester, 
Fairford  (hut  not  Witney),  Leafield,  and  the  western  side  of  the 
Vale  of  Moreton.  Names  of  places  where  the  Cotteswold  Club  ha» 
held  field- meetings  are  marked  on  the  map,  showing  plainly  that  the 
Club  has  trespassed  far  and  wide  into  bordering  tracts.  A  full  list 
of  the  field-meetings,  drawn  up  by  Mr.  L.  Richardson,  is  appended. 
— H.  B.  W. 

8.  Labelling  of  Objects  in  the  Geological  Department, 
British  Museum  of  Natural  History. — Much  attention  has  been 
paid  of  late  years  to  the  question  of  explanatory  labels  for  the 
exhibition  cases,  and  among  those  who  have  given  special  thought 
to  this  important  subject  is  Dr.  F.  A.  Bather,  M.A.,  F.G.S.,  the 
Assistant  Keeper  of  Geology.  The  subjoined  is  a  specimen  of 
a  recently  printed  label  prepared  by  him  for  the  Echinoderm  case,, 
which  serves  to  show  how  much  information  may  be  imparted  te 
the  student  of  geology  and  to  the  public  at  large  by  this  means. 

'^ITow  Sea'Urchins  are  turned  into  Flint. 

Silica,  the  substance  of  which  flints  are  made,  is  scattered 
through  the  Chalk  formation  in  very  minute  particles,  which  are 
dissolved  to  some  extent  by  water,  especially  if  it  be  slightly 
alkaline.  Consequently,  as  rain-water  sinks  into  the  Chalk  it  dissolves 
the  silica  and  carries  it  with  it  through  the  Chalk.  When  the 
sea-urchins  died  and  were  buried  in  the  chalky  ooze,  the  inside 
of  their  shell  or  test  was  sometimes  filled  with  the  ooze,  but 
sometimes  it  remained  empty.  In  the  latter  case,  when  the  Chalk 
became  hardened  and  raised  out  of  the  sea,  a  cavity  was  left,  into 
which  flowed  the  dissolved  silica.  It  may  have  been  deposited 
on  the  walls  of  this  cavity  (i.e.  the  inside  of  the  urchin's  test)  afr 
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minute  crystals  of  quartz  (rook-crystal) ;  or,  as  was  more  usually 
the  case,  it  filled  the  cavity  with  a  formless  mass  of  the  impure 
chalcedony  that  we  call  flint.  So  was  fashioned  in  silica  a  cast 
of  the  inside  of  the  sea-urohin  test ;  and  later  on,  as  the  Chalk  was 
worn  away  by  rain  and  rivers,  and  as  its  fossils  thus  came  out  on 
the  surface,  then  the  relatively  soft  and  soluble  test  was  worn  or 
dissolved  off.  Therefore  it  is  that  many  of  these  flint  casts  turn 
up  on  the  surface  of  the  downs  or  in  gravel-pits.  In  some  cases,, 
however,  the  test  itself  became  impregnated  with  silica;  for  the 
limy  substance,  of  which  the  test  is  made,  is  very  porous.  The 
pores  usually  are  filled  in  fossil  specimens  with  crystalline  carbonate 
of  lime ;  but  sometimes  the  silica  got  in  first.  When  the  flint  was 
once  deposited  in  this  way,  so  long  as  it  remained  in  the  Chalk  there 
was  a  tendency  for  further  flint  to  be  deposited  round  it,  and  so  the 
sea-urchins  are  occasionally  found  embedded  in  masses  of  flint. 
Sometimes  one  finds  only  this  surrounding  flint  with  the  impression 
of  the  outer  surface  of  the  urchin." 


I^  E  -V  I  E  "VT-  S. 


I. — Thk  Atoll  of  Funafuti.  Bobings  into  a  Coral  Kekf  ani> 
THE  Results.  Being  the  Report  op  the  Coral  Rbkf  Com- 
mittee OF  THE  Royal  Society.  4to ;  pp.  xiv  and  428,  with 
6  plates  at  end  of  text  and  folding  chart  of  soundings,  69  cuts 
in  text,  also  with  19  plates  in  a  separate  portfolio.  (Published 
by  the  Royal  Society,  1904.) 

THE  much-discussed  question  as  to  the  origin  of  Atolls  has,  of 
late  years,  been  left  a  moot  point,  because  the  adherents  ta 
this  theory  or  to  that  have  recognised  that  no  satisfactory  con- 
clusion can  be  come  to  witliout  much  further  evidence,  particularly 
that  which  would  probably  be  supplied  by  a  deep  boring  into  an 
atoll.  Such  an  undertaking,  advocated  by  Charles  Darwin,  who 
first  made  the  question  of  the  origin  of  atolls  notorious,  has  at 
last  been  accomplished  by  expeditions  during  three  consecutive 
years,  sent  out  under  the  control  and  at  the  expense  of  the  Royal 
Society  and  the  Government  of  New  South  Wales,  and  aided  by 
private  donations. 

The  Report  of  the  Coral  Reef  Committee  of  the  Royal  Society 
on  these  expeditions  occupies  the  pages  of  the  volume  under  con- 
sideration. It  has  been  edited  by  Professor  T.  G.  Bonney,  D.Sc, 
F.R.S.,  who  became  responsible  for  passing  the  volume  through  the 
press,  and  was  also  Chairman  of  the  Coral  Reef  Committee.  In  the 
preface  he  gives  a  brief  history  of  the  various  stages  of  the  enter- 
prise from  its  inception  in  1893  to  its  completion.  Its  primary 
object,  as  defined  in  the  instructions  to  its  first  leader,  Prof.  Sollas, 
was  to  investigate,  by  means  of  a  boring,  the  depth  and  structure  of 
a  coral-reef,  and  all  other  work  undertaken  in  furtherance  of  natural 
knowledge  was  to  be  considered  as  secondary  to  this  object,  whilst 
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with  regard  to  the  publication  of  the  results,  the  Coancll  of  the 
lioyal  Society  authorised  the  preparation  of  a  monograph  of  which 
the  main  feature  should  be  a  description  of  the  whole  core  from  the 
points  of  view  of  the  naturalist  and  the  chemist.  The  cores  and 
loose  material  were  brought  to  London  for  detailed  examination, 
and  subsequently  the  half-cylinders  of  core  and  duplicate  portions 
of  the  loose  material  have  been  returned  to  Sydney,  and  the  part 
retained  in  England  has  been  placed  in  the  British  Museum  (Natural 
History)  at  Cromwell  Road,  South  Kensington. 

Professor  Bonney  further  states,  ''that  into  the  controversies  about 
the  development  of  coral-reefs,  those  who  have  been  concerned  in  the 
preparation  of  this  volume  have  not  attempted  to  enter.  They  have 
•endeavoured  to  state  facts,  aod  leave  it  to  readers  to  interpret  these 

for  themselves At  any  rate  the  composition,  zoological 

and  chemical,  of  an  atoll  down  to  a  depth  of  1,114  feet  has  now, 
for  the  first  time,  been  made  known.*'  The  final  success  of  the 
undertaking  is  attributed  by  Professor  Bonney  to  the  zeal,  energy, 
and  liberality  of  friends  in  New  South  Wales,  more  especially  of 
Professors  Edge  worth  David  and  Anderson  Stuart,  and  of  the 
Government  of  that  Colony. 

The  Beport  is  divided  into  fourteen  sections,  in  which  each  author 
gives  an  account  of  the  observations  in  his  own  branch  of  the 
work  and  of  the  results  obtained,  and  in  many  cases  inferences 
from  these  results  are  drawn.  It  is,  however,  desirable  to  bear  in 
inind  that  these  inferences  represent  the  views  of  the  individual 
authors  of  the  respective  sections,  as  in  some  instances  they  appear 
to  be  rather  speculative. 

The  narrative,  by  Professor  W.  J.  Sollas,  D.Sc,  F.R.S.,  of  the 
first  expedition,  sent  out  under  him  in  1896,  occupies  the  first 
«ection.  The  expedition  was  of  little  importance,  except  as  paving 
the  way  for  those  that  followed,  and  enabling  them  to  succeed 
through  the  knowledge  gained  by  its  failures.  For  a  failure 
it  was  as  far  as  its  main  object  was  concerned ;  although  two 
borings  were  attempted  the  first  reached  a  depth  of  only  106  feet, 
and  the  second  72.  They  failed  mainly  through  the  inability  of 
the  machinery  to  deal  with  alternations  of  hard  cavernous  rock  and 
loose  sand. 

To  quote  Prof.  Sollas  : — **  Although  the  boring  proved  a  failure, 
several  other  objects  of  the  expedition  were  attained  with  complete 
success.  Messrs.  Hedley  and  Gardiner  made  a  thorough  investigation 
of  the  flora  and  fauna,  both  land  and  marine.  Dr.  Collingwood 
obtained  a  good  deal  of  information  of  ethnological  interest,  and  we 
all  made  a  fairly  complete  collection  of  native  implements  and 
manufactures.  A  daily  record  was  kept  of  maximum  and  minimum 
temperatures,  and  of  the  readings  of  dry  and  wet  bulb  thermometers. 
^  .  .  .  The  most  important  contribution,  however,  is  afforded 
by  the  investigations  of  Captain  Field,  who  made  a  complete  topo- 
graphical survey  of  the  Atoll,  and  a  vast  number  of  soundings  both 
in  the  lagoon  and  the  outer  sea ;  he  also  carried  out  magnetic  and 
tidal  observations." 
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A  general  desoription  of  the  atoll  is  given,  of  its  sabmarine  slopea 
and  of  its  sarfaoe  features.  The  latter  present  six  zones  from  the 
ooean  to  the  lagoon,  namely  :  (1)  the  Nallipore  Rim ;  (2)  the  reef- 
flat  ;  (3)  the  glacis  of  ooral  rook ;  (4)  the  Harricane  Beach ;  (5)  tho 
oentrad  flat  of  the  islet ;  (6)  the  lagoon  mound. 

The  features  of  the  glacis  of  ooral  rock,  especially  its  isolated 
outliers,  are  discussed,  and  also  the  mode  of  growth  and  the  horizon 
of  Heliopora  and  Poriie$  now  growing  in  the  lagoon,  as  bearing  on 
the  former  condition  of  the  island ;  and  the  conclusion  is  arrived 
at  that  the  island  has  undergone  oscillations  of  level,  which  may 
poesibly  be  correlated  with  a  preglacial,  glacial,  genial,  and  present* 
day  period  in  geological  time. 

Section  ii,  by  H.  C.  Russell,  C.M.O.,  F.R.S.,  gives  an  account  of 
the  meteorological  observations  made  during  the  stay  of  Professor 
SoUas  on  the  island;  and  section  iii,  by  Captain  E.  W.  Creak, 
B.N.,  F.R.S.,  is  the  report  on  the  results  of  the  Magnetic  Survey 
of  the  atoll  made  by  the  officers  of  H.M.S.  ''  Penguin,**  the  ship 
which  conveyed  the  expedition  under  Professor  Sollas  to  Funafuti. 

Section  iv  is  the  narrative,  by  Professor  T.  W.  Edgeworth  David,. 
B.A.,  F.R.S.,  of  the  second  and  third  expeditions  made  during  the 
years  1897  and  1898. 

After  the  failure  of  the  expedition  in  1896,  Professor  David,  of 
Sydney,  incited  those  interested  in  New  South  Wales  to  make  a  further 
effort  to  bore  Funafuti,  with  improved  boring-plant.  By  means  of 
generous  gifts  of  £650  from  Miss  Eadith  Walker,  of  Sydney,  and 
£100  from  Mr.  Ralph  Aberoromby,  together  with  the  loan  of  a  diamond 
drill  from  the  New  South  Wales  Government,  it  was  possible  to  send 
out  a  second  expedition  in  1897.  A  main  bore  was  started,  and, 
while  this  work  was  proceeding,  an  attempt  was  made  to  bore  the 
floor  of  the  lagoon.  This  lagoon  boring  proved  a  failure,  and  the 
raft  on  which  the  plant  was  erected  was  wrecked  during  a  gale. 
Meanwhile  the  main  bore  proceeded  slowly,  and  when  it  became 
necessary  to  return  a  depth  of  698  feet  had  been  reached. 

In  addition  to  the  boring  a  geological  survey  was  made  of  the 
various  islets  of  the  atoll,  and  a  collection  formed  of  various 
org^isms  living  on  the  seaward  slope  of  the  atoll  from  depths  of 
between  20  and  200  fathoms. 

In  the  next  year,  1898,  '*  it  was  considered  very  desirable  that 
an  attempt  should  be  made  to  deepen  the  main  bore,  and  accordingly 
the  Government  of  New  South  Wales  and  the  Royal  Society  of 
London  were  approached  on  this  subject  They  both  generously 
responded,"  and  a  third  expedition  was  sent  out  under  the  leadership 
of  Mr.  A.  E.  Finckh.  The  Admiralty  detailed  H.M.S.  **  Porpoise,**^ 
Captain  F.  C.  D.  Sturdee,  for  the  work  of  again  attempting  a  boring 
through  the  lagoon  floor.  This  was  accomplished  successfully  by 
Mr.  G.  H«  EUiUigan,  who  sank  two  bores,  one  reaching  144  feet  and 
the  other  118  feet  below  the  floor  of  the  lagoon.  The  main  bore, 
started  during  the  previous  year,  was  reopened,  and  a  depth  of 
1,114  feet  was  attained.  In  addition  to  these  results,  permanent 
nmrks  were  left  on  the  island  by  Mr.  Halligan. 
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Section  v,  written  by  Professor  David  and  Mr.  G.  Sweet,  F.Q.S., 
deals  with  the  geology  of  the  Funafuti  atoll.  Describing  first  its 
fihape  as  a  whole,  they  suggest  that  its  elongation  in  a  meridional 
direction  is  due  rather  to  its  being  situated  in  a  volcanic  zone  or 
fold-ridge,  than  to  any  influence  of  prevalent  winds  and  ocean 
currents.  The  prevalent  winds  are  the  north-west  monsoons  and 
the  south-east  trades,  the  former  being  the  stronger,  and  the  storms 
-caused  by  both  result  in  the  formation  of  the  hurricane  beaches  of 
the  islets. 

The  islets,  as  shown  on  the  maps  and  sections  accompanying  the 
volume,  may  be  divided  into  zones  as  already  stated.  A  glance  at  the 
maps,  however,  shows  a  much  more  detailed  division  of  the  surface 
of  the  land  than  was  given  by  Professor  Sollas.  It  is  to  be  regretted 
that  Professor  Sollas'  divisions  and  those  of  Professor  David  are  not 
<2ompared,  for  in  casually  reading  the  account  of  one  and  then  of 
the  other  the  correlation  is  not  obvious.  However,  the  order  from 
the  ocean  to  the  lagoon,  and  the  correlation  with  the  divisions  of 
Professor  Sollas,  seem  to  be  as  follows.  The  symbols  on  the  maps 
are  given  in  brackets. 

1.  The  outermost  rim  of  living  Lithothamnioti  (O.L.  10)  =  the  Nullipore  Rim  of 

Sollas. 

2.  Zone  of  dead  Ztthothamnion  (0.  3)  =  the  reef-flat  of  Sollas. 

3.  Old  reef  of  Heliopora  and  Fori  ten  (O.L.  1)  \   =  glacis  of   coral  rock 

4.  Breccia  which  overlies  3  (0.  2  B.,  0.2  C,  0.  2  D.)   }  of  Sollas. 

5.  Hurricane  beach  (0.  4)  =  hurricane  beach  of  Sollas. 

6.  Old  reef  of  Heliopora  and  Fori  tea  and  breccia,  \ 

together  with  various  newer   and    older  J  =  central  flat  of  islet  of  Sollas. 
superficial  deposits  (L.  6,  L.  7,  etc.)  ) 

7.  Inner  nurricane  beach  (0.  4),  not  always  present. 

H.     Various  superficial  deposits  of  lagoon  beach  (L.  8,  L.  9).  N 

y.     Old  reef  of  Keliopora  and  PoriteH  and  breccia,  cropping  out  on  i 

lagoon  side.  \  Not  mentioned 

10.     Zone  of  living  Lithothamnion^  present  in  channels  leading  into  (      by  Sollas. 
the  lagoon,  and  iu  some  places  on  the  lagoon  side  of  the  J 
islets. 

The  reef  of  Heliopora  and  Pontes  is  the  oldest  rock  which  crops 
out  on  the  island,  and  is  in  most  places  covered  by  the  breccia. 
All  the  other  deposits  are  superficial,  and  lie  irregularly  on  these, 
which  thus  form  the  primitive  reef-platform. 

The  sequence  of  events,  which  is  not  very  clearly  stated,  seems  to 
have  been  as  follows : — First  the  Heliopora  and  Porites  reef  was 
formed,  and  then  there  was  an  uplift  of  from  six  to  ten  feet,  during 
which  time  the  breccia  was  formed  by  the  marine  denudation  of  the 
reef.  The  land  then  sank  about  8  feet,  and  the  breccia  became 
cemented  by  Lithothamnion,  Then  another  elevation  occurred, 
allowing  the  breccia  to  come  under  the  action  of  the  waves  which 
made  breaches  in  the  breccia  barrier ;  and  so  the  several  islets  were 
formed,  and  subsequently  the  Hurricane  banks  were  piled  up  from 
the  material  of  the  breccia.  Minor  oscillations  of  level  occurred, 
the  present  subaerial  deposits  were  laid  down,  and  the  present  fauna 
was  introduced  ;  a  deposit  of  silt  killed  the  Heliopora  near  the 
lagoon   shore.     Finally,  there  was  an  upward  movement  of  6  or 
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7  inches  which  killed  the  Lithothamnion,  then  living  in  the  zone  now 
marked  as  'dead'  Lithothamnion  (0.3).  At  the  same  time  the 
Harricane  beaches  were  pushed  further  back. 

In  the  future,  probably,  the  lagoon  will  be  filled  up  by  the 
^owth  of  Halimeda,  and  the  islets  will  be  gradually  levelled  by 
marine  denudation.  Against  this  destruction  may  be  set  a  present 
upward  movement  of  the  land,  as  well  as  a  very  slowly  widening 
rim  of  Liihothamnion,  But  another  levelling  factor  is  the  subaerial 
<lenudation  caused  by  the  torrential  tropical  rains. 

The  biology  of  the  reef- forming  organisms,  by  Alfred  E.  Finckh, 
forms  the  subject  of  the  next  section. 

Three  main  marine  biological  zones  are  noted,  namely :  (a)  that 
of  living  Liihothamnion ;  (6)  a  zone  of  less  active  growth  between 
the  former  zone  and  that  line  which  marks  the  limit  of  the  waves  at 
]ow-water  spring-tides;  (c)  the  lagoon  in  which  occur  all  forms 
found  outside  and  in  addition  Ifeliopora  earulea»  The  bottom  of 
the  lagoon  is  formed  mainly  of  Halimeda  sand. 

The  organisms  of  the  reef  now  forming,  in  the  order  of  their 
importance,  are  as  follows  :  (a)  Lithothamnion,  (h)  Halimeda, 
(c)  Foraminifera,  (d)  Corals  and  Hydrocorallines.  Liihothamnion 
occurs  in  three  forms,  two  encrusting  and  one  frondose.  Halimeda 
is  the  most  important  organism  in  the  lagoon.  The  chief  use  of 
the  corals  and  hydrocorallines  in  reef-building  is  to  form  a  base- 
work  on  which  Lithothamnion  can  grow.  There  are  five  main 
groups  of  corals  and  hydrocorallines  occurring  as  follows  in  order 
of  importance  in  reef-building :  (a)  Heliopora  carulea,  (6)  the 
Millepores,  (c)  the  Pontes  family,  (d)  Madrepora,  (e)  Podllopora. 

Mention  is  made  in  this  section  of  the  enemies  of  the  reef-formers. 
Excluding  Lithothamnion,  which,  by  its  cementing  action,  constructs 
the  reef  more  than  it  destroys  it  by  its  swamping  effects  on  the  other 
reef-forming  organisms,  the  chief  enemies  are  two  Oephyrean 
worms,  one  of  which  is  a  Sipunculoid  (Aspidosiphon).  Holothuroids, 
supposed  by  Darwin  to  be  destructive  to  the  reef- formers,  are 
acquitted  of  this  charge,  for  it  was  found  that  their  food  was  entirely 
oomposed  of  microscopic  organisms. 

A  series  of  experiments  are  next  described,  carried  out  to  ascertain, 
if  possible,  the  rate  of  growth  of  the  reef-forming  organisms.  The 
lack  of  experience  in  such  experiments,  their  novel  character,  and 
the  consequent  abmnce  of  suitable  apparatus  caused  the  results  to  be 
somewhat  vague.  The  situation  of  the  camp  precluded  experiments 
upon  the  branching  form  of  Lithothamnion  and  upon  Heliopora. 
Foor  methods  were  employed,  namely,  weighing  at  intervals, 
measuring  at  intervals  areas  marked  out  on  the  coral  by  glass  pins, 
measuring  the  distance  of  approaching  portions  of  a  coral  and  noting 
how  long  they  took  to  meet,  and  causing  the  organism  to  grow 
through  a  hole  in  a  board.  Many  of  these  specimens  are  now 
exhibited  in  the  Geological  Department  of  the  British  Museum, 
South  Kensington.  Experiments  were  also  made  on  the  amount  of 
exposure  to  the  sun  needed  to  kill  the  various  reef-formers.  Less 
than  two  hours  sufficed  in  the  case  of  all  except  Porites. 
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Sdotion  vii  is  a  short  report  of  the  dredgine  at  Fnnafiiti,  by 
Professor  David,  G.  H.  Halligan,  and  E.  A.  Finckh. 

In  the  lagoon  seventeen  out  of  eighteen  dredgings  were  composeti 
of  detrital  Halimeda  and  fragments  of  shells  intermixed  with 
a  little  seaweed.  In  the  ocean  living  Halimeda  only  ooourred 
down  to  45  fathoms,  the  limit  of  penetration  of  red  and  yellow 
light.     No  pieces  of  an  ancient  coral-reef  were  dredged. 

The  branching  form  of  Ziihotkamnion  was  found  only  to  oooar 
in  shallow  water.  Thus  it  was  thought  that  its  presence  in  th» 
cores  might  be  of  use  in  determining  the  depth  at  which  any 
particular  piece  was  formed.  However,  Dr.  Hinde  is  of  opinioi^ 
that  the  exact  form  of  Lithothamnion  in  the  cores  cannot  be  satis- 
factorily determined,  that  is,  whether  the  branching,  nodose,  and 
incrusting  forms  correspond  with  the  similar  growth-forms  fron> 
the  reef-slopes. 

Section  viii  is  a  report  on  the  lagoon  borings  by  G.  H.  Halligan. 

Two  borings  were  made  at  spots  in  the  floor  of  the  lagoon  where 
the  depth  at  low  water  spring  tides  was  101  feet  The  first  passed 
through  81^  feet  mostly  of  Halimeda  debris,  next  through  18  inche» 
of  hard  coral,  33  feet  of  coral  fragments,  18  inches  of  coral,  and, 
finally,  again  through  26^  feet  of  coral  material,  thus  in  all  144  feet 
beneath  the  floor  of  the  lagoon,  or  245  feet  below  the  sea-level. 
The  second  boring,  a  short  distance  from  the  first,  went  through 
91^  feet  of  Halimeda  debris,  next  through  3  feet  of  hard  ooral 
with  intermediate  bands  of  softer  material,  and  then  entered  ooral 
gravel  and  sand,  to  a  depth  altogether  beneath  the  lagoon  floor 
of  94^  feet,  or  196  feet  below  the  sea-level.  Mr.  Halligan  finishes 
his  report  with  the  following  words  : — *'  It  is  perhaps  only  fair  t» 
mention  that  the  lagoon  borings  here  described  were  undertaken 
without  the  least  idea  of  the  formation  to  be  expected,  and  were 
carried  out  under  the  most  unfavourable  circumstances  possible. 
.  .  .  .  Had  it  not  been  for  the  co-operation  and  energy  of  the 
captain,  officers,  and  men  of  H.M.S.  '  Porpoise,'  the  work  could  not 
have  been  carried  out  at  all." 

Section  ix,  by  the  same  author  as  the  last,  describes  the  permanent 
marks  left  by  him  on  the  island  of  Funafuti,  to  register  for  future 
reference  the  present  levels  of  different  spots.  These  marks  were 
made  of  iron  pipes  let  into  the  coral  rook. 

Section  x  is  the  general  report  by  Professor  J.  W.  Judd,  C.B., 
LL.D.,  F.B.S.,  on  the  materials  sent  from  Funafuti  and  the  methods 
of  dealing  with  them.  The  cylindrical  cores  and  fragments  of 
solid  rock  from  the  different  borings  were,  on  their  arrival  in 
London,  slit  longitudinally,  and  from  those  in  the  main  boring  to 
a  depth  of  about  800  feet  from  the  surface  a  thin  slab  of  the  whole 
size  of  each  core  was  cut  out  of  its  middle.  This  slicing  proved 
a  very  arduous  task,  particularly  in  the  nearly  continuous  solid  cores- 
of  the  lower  400  feet  of  the  boring,  but  it  was  very  effectively  done 
by  means  of  a  lapidary's  wheel  driven  by  an  electro-motor.  The 
slit  surfaces  of  the  hard  cores  when  thus  treated  were  suffioieatly 
well  polished  to  allow  of  the  determination  of  the  larger  orgaaisaM 
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by  means  of  a  lens,  wliilst  for  the  exatuination  of  the  minute  forms 
and  of  the  mineral  oharaoters  of  the  rook^  more  than  500  miorosoopio 
sections  were  prepared. 

In  addition  to  the  materials  from  the  borings,  large  collections 
of  the  existing  fauna  and  flora  of  the  atoll  were  made  by  Mr.  Stanley 
Qardiner  and  Mr.  Hedley,  and  Professor  David  and  Mr.  G.  Sweet 
made  strenuous  efforts,  at  no  small  personal  risk,  to  dredge  up  the 
organisms  existing  on  the  steep  ocean  slopes  of  the  present  reef  to 
a  depth  of  200  fathoms.  As  a  description  of  the  existing  organisms 
of  the  atoll  was  not  included  in  the  scope  of  the  undertaking,  the 
collections  made  have  been,  in  part,  studied  by  different  specialists 
in  this  country  and  in  Australia,  and  the  results  published  in 
various  scientific  journals.  A  list  of  these  memoirs  is  given  by 
Professor  Judd. 

Section  xi,  by  Dr.  G.  J.  Hinde,  F.K.S.,  contains  the  report  on 
the  materials  from  the  borings  at  the  Funafuti  Atoll. 

The  main  achievement  of  the  later  expeditions  to  Funafuti,  under 
the  direction  of  Professor  David  and  Messrs.  Finckh  and  Sweet, 
was  the  penetration  of  the  reef  at  the  main  boring  to  a  depth  of 
1,114  feet  and  obtaining  materials  which  showed  distinctly  the 
nature  of  the  rock  to  this  depth.  These  materials  were  subjected 
to  very  careful  scrutiny,  and  a  detailed  record  of  the  various 
organisms  recognized  in  each  separate  portion  of  the  cores  and  their 
general  mineral  condition  is  given  in  this  section  of  the  Beport* 
The  nature  of  the  material  varied  greatly  in  different  parts  of  the 
boring.  To  the  depth  of  748  feet  from  the  surface  the  greater  part 
of  the  rock  seems  to  have  been  of  a  friable  and  incoherent  character, 
which  in  the  process  of  boring  was  reduced  to  fine  granular  particles 
usually  called  sand,  whilst  the  aggregate  length  of  the  solid  portions 
of  the  core  only  reached  73  feet,  or  about  one-tenth  of  the  distance 
passed  through.  On  the  other  hand,  the  lower  third  of  the  boring 
from  748  feet  to  the  bottom  at  1,114  feet  was  to  a  very  large  extent 
solid  rock,  forming  a  nearly  continuous  cylindrical  core  311  feet 
in  length.  The  friable  upper  portion  down  to  637  feet  was  mainly 
of  calcium  carbonate,  whilst  the  lower  solid  third  of  the  core  was 
of  dolomitic  limestone. 

No  true  oolitic  grains  were  met  with  in  any  part  of  the  cores, 
nor  was  any  pumice  or  other  volcanic  material  recognized.  The 
presence  of  silica  was  not  detected,  though  siliceous  boring  sponges 
were  originally  very  numerous.  Lines  of  stratification  were  not 
distinguished  in  the  cores. 

The  rock  throughout  was  entirely  organic,  derived  from  the 
calcareous  skeletons  of  marine  invertebrate  animals  and  calcareous 
alg89 ;  the  principal  rock-formers  belong  to  Foraminifera,  Corals, 
and  Algsd,  and  with  these  are  associated  detached  spines  and  test- 
plates  of  echinoderms,  annelid  tubes,  crustacean  tests,  spicules  of 
caloisponges  and  tnnicates,  and  the  shells  or  casts  of  lamellibranchs 
and  gasteropods.  The  only  vertebrate  remains  found  in  the  cores  was 
a  single  fragment  of  fish-bone  or  spine  less  than  an  inch  in  length. 

Of  the  Foraminifera  35  genera  are  represented  in  the  main  boring ; 
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thay  are  equally  as  abundant  in  the  oorea  and  loo«e  maierialB 
throughout  the  boring  as  in  the  beds  at  the  surface  of  the  reef 
now  forming.  The  most  important  rook-forming  genera  in  the 
order  of  their  relative  abundance  are  AmpMategina^  Folyirema, 
Orbitolitea,  Hieteroategina,  CarpenUria,  Qypaina,  and  CaUarina.  All 
the  forms  belong  to  genera  still  existing,  and  no  examples  of 
oharaoteristic  Tertiary  speoies  were  recognized.  For  the  determi- 
nation of  critical  forms  the  author  acknowledges  the  invaluable 
assistance  of  Mr.  F.  Chapman. 

Corals,  including  Alcyonaria  and  Hydrocorallinee  as  well  as  the 
Madreporaria  in  this  term,  are  present  throughout  the  main  boring, 
but,  especially  in  the  lower  350  feet,  they  are  more  numerous  and 
varied  than  in  the  upper  part.  They  have  suffered  greater  changes 
in  fossilization  than  any  other  group  of  organisms,  and  below  a  depth 
of  180  feet  in  the  boring  their  walls  and  other  structures  have  been 
for  the  most  part  dissolved  and  removed,  and  only  casts  in  sedi- 
mentary or  crystalline  materials  remain.  In  many  instances  they 
appear  to  be  in  the  position  of  growth.  Twenty-eight  genera  have 
been  recorded  from  the  borings ;  22  of  these  are  living  at  the 
present  time  on  the  reefs  or  in  the  lagoon  at  Funafuti.  The 
oommoner  genera  such  as  Millepora,  Zobophytum,  Stylophora, 
Pocilloporaf  Aatraa,  Orhicella,  Fungia,  Madrepora,  Aalraoporaf 
Mantipora,  and  Foritea  range  from  the  top  to  the  bottom  of  the 
main  boring,  but  not  continuously,  for  a  particular  form  which 
has  flourished  through  a  series  of  consecutive  cores  will  often  dis- 
appear for  a  variable  interval  and  then  come  in  again.  All  the 
forms  met  with  are  reef  corals ;  no  examples  of  deep-water  forms 
have  been  recognized  in  any  of  the  cores. 

Of  the  calcareous  AlgsB  the  most  important  genus,  Lithothamniou, 
is  represented  by  branching  nodular,  and,  more  especially,  by 
encrusting  forms  which  grow  over  corals  and  other  organisms  so 
as  to  bind  them  fast  together  and  form  layers  of  very  compact 
dense  rook.  Another  genus,  Ilalimeda,  is  widely  distributed  through- 
out the  cores ;  in  some  parts  of  the  main  boring  and  in  the  boring 
beneath  the  floor  of  the  lagoon  the  rock  is  mainly  composed  of 
their  detached  segments. 

Though  the  main  boring  reached  to  a  depth  of  1,114  feet  it  did 
not  penetrate  through  the  reef-rook,  and  the  cores  from  the  bottom 
were  as  distinctly  reef-like  as  those  from  any  other  part  of  the 
boring. 

The  last  three  sections,  dealing  with  the  chemical  and  mineralogical 
composition  of  the  cores,  are  of  great  interest. 

First,  Professor  Judd  describes  the  chemical  aspect  of  the  cores 
as  shown  in  numerous  analyses  made  by  his  assistants.  Dr.  C.  G. 
Cullis  and  Dr.  E.  W.  Skeats,  and  by  Mr.  Hart  Smith,  and  this  may 
be  generally  stated  as  follows.  As  far  as  637  feet  from  the  surface 
the  core  consists  of  calcium  carbonate  with  a  small  proportion  of 
magnesium  carbonate.  Below  637  feet  the  proportion  of  magnesium 
carbonate  rises  fairly  suddenly  to  nearly  40  per  cent,  of  the  whole. 
Calcium  phosphate  is  present  throughout    in  minute  quantities. 
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Voloanio  rook  is  entirely  absent.  The  proportion  of  magnesiam 
<»rbonate  between  the  depths  of  10  and  20  feet  rises  oonsiderably, 
and  then  falls  away  again.  Professor  Jadd  shows  that  under 
oertain  conditions  oaloium  carbonate  is  more  soluble  than  magnesiam 
•oarbonate,  and  he  thinks  that  ''down  to  637  feet  the  degree  of 
enrichment  of  the  rook  by  magnesiam  carbonate  may  be  probably 
aseribed  to  the  leaching  out  of  calcium  carbonate/'  and  this  accounts 
for  the  friability  of  the  upper  part  of  the  core. 

The  presence  of  the  large  percentage  of  magnesium  carbonate  in 
the  lower  part  of  the  boring  is  considered  by  Professor  Judd  to  be 
due  to  some  such  segregation  as  has  produced  flints  in  the  Chalk, 
and  the  iron  disalphide  nodules  of  other  formations.  The  material 
of  a  reef  '*is  everywhere  permeated  and  acted  upon  by  sea- water, 
■containing  a  very  notable  proportion  of  magnesium,  principally  in 
the  condition  of  chlorides  and  sulphates.  May  not  these  materials, 
enriched  by  the  magnesium  carbonate,  exercise  an  attractive  action 
on  the  magnesium  salts  of  the  ocean  waters,  giving  rise  to  double 
-decomposition  and  the  gradual  replacement  of  a  part  of  the  calcium 
in  the  carbonates  by  magnesium  ?  " 

Section  xiii  consists  of  some  remarks  by  H.  C.  Sorby,  LL.D.,  F.R.S., 
oonceming  the  production  of  aragonite  and  dolomite  in  the  coral 
rock.  Dr.  Sorby  thinks  that  there  **  may  be  special  conditions  not 
fully  understood  under  which  carbonate  of  lime  may  crystallise  as 
aragonite  at  such  a  temperature  as  would  be  met  with  in  coral 
rock."  Obviously  this  must  be  so,  for  Dr.  Oullis  has  fonnd  secondary 
aragonite  in  the  cores.  Dr.  Sorby  was  not  able  by  artificial  means 
to  replace  calcium  carbonate  by  dolomite ;  he  only  succeeded  in 
replacing  it  by  magnesium  carbonate. 

The  last  section  is  the  account,  by  C.  Gilbert  Cullis,  D.Sc,  F.G.S., 
of  the  raineralogical  changes  observed  in  the  Funafuti  borings. 
Near  the  surface  the  cores  consist  of  calcite  and  aragonite  according 
to  the  composition  of  the  skeletons  of  the  organisms  of  which  it  is 
made.  The  magnesiam  carbonate  and  other  chemicals  present  in 
the  cores  are  not  perceptible  in  a  microscope- section  as  crystals. 

The  first  change  that  occurs  as  a  greater  depth  is  reached  is  that 
the  cavities  in  the  organisms  composing  the  cores  become  filled  with 
seoondary  calcite  and  aragonite.  Next  the  secondary  aragonite 
becomes  converted  into  calcite,  and  finally  the  primary  aragonite 
also  becomes  similarly  converted.  Thus  at  220  feet  the  cores 
oonsist  entirely  of  calcite.  From  637  feet  dolomite  begins  to 
replace  the  calcite,  and  from  650  to  820  feet  pure  dolomite  is  present. 
From  820  to  875  feet,  and  again  from  1,050  to  1,070  feet,  calcite  is 
i^ain  present  with  the  dolomite.  Apart  from  this  the  core  from  650 
to  1,114  feet,  the  lowest  point  re€U)hed,  is  of  pure  dolomite. 

This  section  is  excellently  illustrated  with  figures  of  microscope- 
slides  of  sections  from  different  depths,  and  also  by  diagmms 
illustrating  the  mineralogical  changes. 

The  volume  is  illustrated  by  six  plates,  a  number  of  woodcuts, 
and  charts  of  the  atoll.  Accompanying  it  is  a  portfolio  with 
^;eological  maps  and  sections  of  the  islands.     Printed  in  large,  dear 
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type,  and  finishing  with  a  good  index,  it  has  all  the  requirements  of 
a  book  of  reference. 

The  evidence  of  the  borings  shows  that,  in  the  case  of  Funafuti, 
with  small  temporary  oscillations  of  level,  there  must  have  been 
a  steady  downward  movement  for  a  very  long  time  to  account  for 
1,100  feet  of  coral  rock  of  comparatively  recent  accumulation. 
Another  noticeable  conclusion  is  that,  at  any  rate  in  the  case  of 
this  '  coral  island,'  corals  are  not  the  most  important  reef-formers. 

It  is  a  matter  for  regret  that  the  Royal  Society  should  be  unable 
to  afford  a  larger  sum  for  carrying  out  an  undertaking  of  the 
importance  of  that  described.  The  expeditions  in  consequence  had 
to  depend  largely  on  private  donations  and  individual  help,  and 
without  these  the  second  expedition  would  never  have  been  started^ 
On  the  other  hand,  all  scientific  men  will  read  with  pleasure  how 
willingly  assistance  of  all  kinds  was  rendered  by  those  private 
persons  with  whom  the  expedition  came  in  contact. 

W.  D.  L. 

II. — Db.  a.  W.  Rowe  on  THi  Zones  of  the  White  Chalk  of- 
YoBKSHiBE.  (Proc.  Gcol.  Assoc.,  vol.  xviii,  pt  4;  104  pp , 
24  plates  and  2  text-figures.)  (London:  E.  Stanford,  1904. 
Price  Sf.) 

IN  this  breezy  record  of  his  work  in  Yorkshire  Dr.  Rowe  has 
compounded  a  bracing  tonic  for  all  geologists,  and  especially 
for  those  whose  appreciative  faculties  may  have  become  so  impaired 
by  the  undigested  load  of  accumulated  facts  that  they  have  lost 
that  keen  relish  for  discovery  which  should  be  the  never-failing 
reward  of  the  investigator.  We  are  made  to  feel  as  we  read  this 
paper  that  to  its  author  every  fresh  discovery  still  comes,  as  it 
should  come,  with  the  force  of  a  revelation,  and  is  honoured  as  such. 
Surely,  whoever  reads  that  exciting  dramatic  episode — so  well  told 
and  withal  so  refreshing  in  technical  literature — of  the  finding  of  the 
prognosticated  Mieraater  after  a  venturesome  voyage  to  a  well-nigh 
inaccessible  part  of  the  coast  must  realize  that  there  are  moments 
when  it  is  indeed  good  to  be  a  geologist!  The  importance  of 
our  discoveries  in  science,  where  not  directly  *  practical,'  depends 
mainly  upon  the  force  with  which  they  appeal  to  our  imagination, 
and  herein  lies  the  strength  of  Dr.  Rowe's  method.  His  naive 
surprise  when  the  new  knowledge  happens  to  burst  the  bounds 
of  his  previous  experience,  and  his  satisfaction  when  it  happens  to 
conform  to  that  experience,  are  admirably  expressed  and  equally 
delightful.  The  whole  process  by  which  dead  facts  become  vital 
thoughts  is  exemplified  as  Dr.  Rowe  picks  up  shred  after  shred 
of  evidence  and  pieces  it  into  his  fabric.  We  are  forcibly  reminded 
of  Browning's  fine  description  of  the  scientific  method — 

**  Up  and  down,  inch  by  inch,  with  the  taper  his  reason 

No  torch,  it  suffices — held  deftly  and  straight. 

Eyes  purblind  at  first,  feel  their  way  in  due  reason.*' 
The  author  knows  that  he  is  doing  work  worth  doing  and  is  doing  it 
well,  and  he  is  happy  in  doing  it.    No  wonder,  then,  that  geologists- 
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and  paladontologists  alike  have  watched  his  progress  with  admiration 
And  with  oritical  interest!  The  results  which  he  has  already 
achieved  are  of  far-reaching  importance,  and  the  paper  before  xxh 
fihows  that  he  has  not  yet  reached  the  zenith  of  his  powers. 

The  zonal  correlation  of  the  Yorkshire  Chalk  with  the  Chalk 
of  the  South  of  England  presents  many  difficulties,  and  in  spite 
of  the  brave  attempt  made  by  Dr.  C.  Barrois  over  a  quarter  of 
A  century  ago,  it  has  been  long  recognized  by  local  workers  that 
the  problem  was  still  unsolved.  This  problem  Dr.  Rowe  has  taken 
as  his  latest  holiday  task,  and  with  the  aid  of  his  trusty  coadjutor, 
Mr.  C.  D.  Sherborn,  has  shown  that  by  proper  methods  even  thd 
sturdily  resistant  mass  of  Flamborough  Head  may  be  sliced  up  into 
2ones  more  or  less  closely  equivalent  to  those  of  the  south,  with 
well-nigh  the  same  ease  as  the  less  obdurate  cliffs  that  overlook 
the  Channel. 

On  taking  his  giant-stride  northward,  however,  Dr.  Bowe  has 
found  himself  confronted  by  many  conditions  that  were  new  to 
him  and  by  many  problems  that  for  the  present  he  is  content  to 
waive.  He  has  wisely  concentrated  his  forces  upon  the  establish- 
ment of  the  broad  correlation,  and  has  regarded  other  matters  as 
«ide-issues  to  be  dealt  with  when  the  opportunity  occurs. 

The  keynote  of  his  attitude  is  struck  in  the  introduction  to  his 
paper  and  is  well  sustained  throughout  "  We  have  long  cherished 
A  furtive  ambition,"  he  writes,  **  to  explore  this  mysterious  and 
legendary  coast."  And  again,  "  There  is  a  glamour  and  fascination 
attached  to  the  unknown,  which,  coupled  with  the  acknowledged 
nlifficulties  of  a  coast  like  this,  greatly  adds  to  the  zest  of  the  work. 
For  this  coast  is  unknown.     It  is  a  veritable  terra  incognita" 

Now,  this  last  sentence  will  seem  a  hard  saying  to  the  assiduous 
local  investigators  to  whom  Dr.  Rowe  warmly  expresses  his  in- 
debtedness ;  and  even  to  anyone  knowing  only  the  previously 
l)ublished  literature  it  may  appear  high-pitched.  But  the  author 
justifies  his  statement  in  the  context,  by  explaining  that  the  only 
kind  of  information  which  he  himself  desired  was  not  available 
tin  til  he  had  explored  the  land.  After  all,  he  has  only  taken  the 
customary  privilege  of  the  explorer  of  new  regions,  with  whom  the 
uncoordinated  local  knowledge  of  the  aborigines  does  not  count. 
And  in  similar  manner  it  may  happen  in  the  future  that  Kent  itself 
will  prove  a  terra  incognita  to  a  worker  carrying  some  special  line 
of  investigation  southward  from  the  Northern  Chalk,  for  it  is  certain 
that  there  is  still  an  open  field  for  research  in  every  part  of  the 
formation. 

Dr.  Rowe's  Yorkshire  work  is  of  peculiar  interest  inasmuch  as  it 
reveals  not  only  the  strength  but  also  the  weakness  of  the  zonal 
method  of  correlation  when  applied  to  districts  lying  apart.  We  find 
that  again  and  again  is  the  author  startled  by  the  strangeness  of  his 
northern  experiences,  until  at  last  he  is  constrained  to  declare — 
"The  record  of  the  fauna  in  this  area  constitutes  a  veritable  zoo- 
logical romance.  Verily  it  is  a  land  of  strange  zonal  occurrences  and 
-of  still  more  strange  zonal  omissions.     It  is,  indeed,  the  remarkable 
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abflenoe  of  some  of  the  oommoneBt  zonal  fossils,  together  with  the 
anreliability  of  others  which  do  exist,  which  has  rendered  the  task 
of  zoning  this  Chalk  so  difficult,  but,  withal,  so  fascinating."  That 
is  how  the  scanty  ill-preserved  fauna  of  the  Yorkshire  Chalk  appealis 
to  one  who  has  Uie  art  to  read  its  lesson  I 

Now,  the  meaning  underlying  this  and  other  similar  sentences 
evidently  is  that  Dr.  Rowe,  having  been  able  to  define  the  range  of 
most  of  the  Chalk  fossils  in  the  cliff-seotions  of  the  South  of  England 
within  fixed  limits,  and  having  found  them  persistent  within  these 
limits  in  that  region,  had  begun  to  have  faith  in  these  zonal 
boundaries  as  representing  the  full  life-history  of  the  species.  But 
his  journey  northward  has  impressed  upon  him  that  tiie  range  of 
many  of  bis  zonal  species  is  not  everywhere  the  same.  It  is  true 
that  he  has  still  managed  skilfully  to  extract  sufficient  evidence  to 
re-establish  Barrois'  system  of  correlation  on  a  firmer  basis,  and  to 
prove,  what  was  indeed  already  acknowledged,  that  the  general 
zonal  succession  in  Yorkshire  oorresponds  to  that  in  the  South  of 
England.  In  studying  the  range  of  the  individual  species,  however, 
and  their  grouping,  he  finds  that  some  cherished  guides  have 
wandered  far  from  the  path  of  zonal  rectitude.  Thus  we  read — 
''The  vertical  range  of  certain  fossils,  usually  restricted  in  their 
distribution,  is  so  vast  that  their  very  persistence  is  bewildering. 
As  instances  of  this  contention  we  may  quote  a  range  of  800  feet 
for  Aciinocamax  granulatus,  and  650  feet  for  Actinocamax  verus; 
while  Cardiaater  ananchytia  has  been  traced  for  640  feet,  and 
In/ulaiter  rostratua  for  nearly  700  feet" 

"  That  Actinoeamax  verus  should  be  found  in  the  quadratuB-ohsMa ; 
that  Actinoeamax  granulaiua  should  be  found  some  350  feet  up  in 
the  same  zone ;  that  Jnfnlaater  roatratus  should  range  from  the 
zone  of  Micraaler  eor-teaiudinarium  to  that  of  Actinoeamax  quadraiua ; 
and  that  Cardiaater  ananchytia  should  extend  from  the  Mieraater 
cor-an^titnum-zone  to  the  same  horizon,  are  facts  sufficiently  unusual 
to  warrant  special  comment." 

Therefore,  although  Dr.  Rowe  and  Mr.  Sherborn  have  been  able 
to  prove  the  presence  in  the  Flamborough  cliffs  of  all  the  zones 
from  that  of  BhynchoneUa  Cuvieri  to  that  of  Actinoeamax  quadraiua, 
inclusive,  it  is  acknowledged  that  for  some  of  these  zones  the  guide- 
fossils  on  which  they  had  been  accustomed  to  rely  are  inadequate 
in  this  district  for  the  identification  of  the  divisions. 

To  meet  this  difficulty  Dr.  Rowe  suggests,  though  with  evident 
reluctance  (p.  219),  that  in  certain  cases  the  name  of  some  other 
fossil,  locally  abundant,  should  be  associated  with  the  established 
name-fossil  as  its  "local  equivalent"  We  commend  the  wisdom 
of  this  course,  for  however  much  it  may  be  desirable  to  adhere  U> 
established  zonal  nomenclature  for  purposes  of  wide-reaching  cor- 
relation, it  is  unnecessarily  perplexing  to  the  student  and  irritating 
to  the  stratigrapher  to  find  that  a  particular  zone  is  marked  by  the 
abaence  of  its  name-fossil ! 

Hence  the  choice  of  the  characteristic  Inoeeramua  lingua  as  the 
local  guide  for  the  zone  ot  Aciinocamax  quadraiua,  sinoe  the  last* 
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named  form  appears  not  yet  to  have  been  foaud  at  all  in  Torkshite, 
will  meet  with  the  approval  of  every  looal  worker. 

The  ohoioe  of  Infidasier  rosiraius  to  serve  a  similar  purpose  for 
the  zone  of  Micranier  oor-anguinum  is,  however,  open  to  question, 
although  when  first  suggested  it  seemed  to  the  present  writer  to 
be  well  adapted.  But  its  range  has  been  so  greatly  extended  by 
Dr.  Rowe's  researches,  both  above  and  below  the  belt  in  which  it  is 
most  abundant,  and  with  which  its  name  is  now  associated,  that  its 
unsupported  presence  seems  inadequate  to  determine  the  zone,  and 
we  should  feel  less  confident  than  the  author  in  assigning  a  small 
inland  pit  **  without  hesitation  "  to  the  zone  of  Mtcra$ter  cor-anguinum 
on  the  strength  of  the  discovery  of  this  fossil  alone  (p.  233). 

And  here  we  may  note  that  in  respect  to  Dr.  Rowe's  demarcation 
of  the  zone  of  Miora$Ur  eor'nnguinum  there  appears  to  be  a  certain 
arbitrariness,  perhaps  unavoidable  but  still  unsatisfactory,  especially 
since  the  zone  as  now  defined  is  made  to  bestride  the  only  lithological 
line  traceable  in  the  Yorkshire  Chalk,  namely,  that  separating  the  flinty 
from  the  flintless  Chalk.  Indeed,  with  regard  to  several  of  the  zonid 
boundaries  Dr.  Bowe  will  no  doubt  himself  be  ready  to  allow  that  in 
these  Yorkshire  sections,  when  the  evidence  is  often  so  imperfect,  the 
ohosen  line  reflects  in  its  particular  location  an  opinion  or  deduction 
rather  than  an  absolute  fact,  even  though  it  represent  the  best  con- 
ventional line  that  is  likely  to  be  attained.  The  position  is  precisely 
that  in  which  the  mere  stratigrapher  often  finds  himself  in  tracing 
boundaries  that  he  knows  to  lie  within  certain  limits  but  to  be  in- 
determinable within  these  limits.  And  just  as  the  stratigraphev's  line 
when  drawn  on  the  map  sometimes  gives  an  unwarranted  impression 
of  finality,  so  may  these  zonal  boundaries  if  too  rigidly  interpreted. 

One  important  deduction  to  be  drawn,  then,  from  Dr.  Rowe's 
experiences  in  the  Yorkshire  Chalk  —  a  deduction  that  has  also 
impressed  itself  upon  the  present  writer  in  extending  the  area  of 
his  investigations  in  the  Lower  Cretaceous  rocks — is  that,  although 
the  general  succession  of  life-forms  that  go  to  the  making  of 
'  zones '  remains  constant  over  wide  areas,  the  range  and  association 
of  individual  species,  however  sharply  defined  at  one  spot,  can 
rarely  be  traced  far  without  showing  disintegration  and  change. 
Thus  the  difficulties  that  beset  the  stratigrapher  owing  to  gradual 
change  in  the  lithological  character  of  sediments  have  their 
counterpart  in  the  difficulties  that  beset  the  zonal  palssontologist 
in  the  gradual  change  of  zoological  assemblages. 

The  diversity  between  the  fauna  of  the  southern  and  northern 
Chalk  has  long  been  recognized,  but  it  has  never  before  been  so 
definitely  formulated  as  by  Dr.  Rowe,  and  we  regard  this  detailed 
comparison  as  the  most  valuable  part  of  his  paper.  For  the  present 
he  is  content  to  state  the  differences  without  attempting  further  to 
discuss  the  cause  than  to  state  (p.  280)  that  they  afford  **  convincing 
#videnoe  of  the  working  of  variation  in  geographical  distribution." 
It  is  indeed  astonishing  that  in  such  a  continuous  and  homogeneous 
mass  as  the  Chalk,  which  seems  to  postulate  that  the  physical 
conditions  of  the  sea-floor  must  have  been  well-nigh  identical  over 
the  whole  region  covered  by  the  deposit,  there  should  be  this  great 
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difference  between  the  fauna  of  oorresponding  horizons  in  Yorksliire 
and  in  Kent.  It  is  true  that  in  the  Lower  Oretaoeous  the  differenoe 
between  the  two  areas  is  even  more  oonspioaons,  but  in  this  oase 
we  are  dealing  with  beds  of  diverse  lithologioal  composition,  and 
with  complex  geographical  conditions  that  are  sufiBcient  to  explain 
the  anomalies. 

What  is  the  meaning  of  this  extraordinary  diversity  within  the 
same  geographical  province  ?  We  can  scarcely  believe  that  climatic 
variation  due  to  the  trifling  difference  in  latitude  could  make  itself 
directly  felt  at  the  bottom  of  the  comparatively  deep  Upper  Ore- 
taoeous sea.  Can  it  have  been  due  to  the  influence  of  cold-water 
currents  creeping  down  from  the  north  ?  Or  may  we  surmise  that 
some  of  the  life-forms  themselves  in  spreading  from  separate  centres 
of  dispersal  have  exerted  a  mutually  antagonistic  effect  upon  each 
other,  BO  that  they  could  not  pass  freely  beyond  their  respective 
frontiers  ?  Or  is  it,  after  all,  only  that  ever-present  mischief-maker, 
'  the  imperfection  of  the  geological  record,'  that  is  to  blame  for  our 
difficulties  ? 

We  hope  that  at  some  future  time  Dr.  Rowe  will  deal  more  fully 
with  this  fascinating  problem,  for  assuredly  he  is  peculiarly  well 
qualified  for  the  task.  And  in  doing  so  we  shall  expect  that  he 
will  give  us  that  comparison  of  the  Yorkshire  fauna  with  the  fauna 
of  the  equivalent  beds  in  Germany  which  is  referred  to  (p.  284), 
but  at  present  withheld.  This  comparison  is  likely  to  be  of  singular 
interest,  for  apparently  some  portions  of  the  Yorkshire  Chalk  have, 
like  portions  of  the  Speeton  Clay,  closer  faunistic  affinities  with  the 
equivalent  rocks  of  Germany  than  with  those  of  the  South  of  England. 

In  laying  stress  upon  this  aspect  of  Dr.  Rowe's  results  we  must 
not  omit  to  call  attention  also  to  the  discoveries  of  the  author 
which  go  to  strengthen  the  correlation  between  the  northern  and 
southern  Chalk.  Thus,  his  recognition  of  the  plentiful  occurrence 
of  UintaeHnuB  in  Yorkshire  in  its  customary  position  at  the  base  of 
the  Mar$upite8'Zone  is  a  notable  bond  in  the  correlation  and  an 
advance  on  our  previous  knowledge.  Several  other  southern  fossils 
not  hitherto  recorded  from  Yorkshire  have  now  been  identified  and 
are  included  in  the  new  list. 

The  value  of  the  author's  method  from  the  stratigrapbical  point 
of  view  is  strikingly  exemplified  by  his  discovery  that  the  zone  of 
BhynchoneUa  Cuvieri  is  absolutely  crushed  out  for  a  space  by  the 
overthrust  fault  in  the  Buckton  Cliffs.  The  character  of  the  dis- 
turbance at  this  place  had  been  previously  recognized,  but  its  effect 
upon  the  sequence  was  unknown  until  established  by  the  palaeon to- 
logical  evidence. 

Another  result  given  in  this  paper  which  the  local  geologists  will 
be  eager  to  apply  in  the  field  is  the  demonstration  of  a  progressive 
deepening  in  the  alveolar  cavity  of  Actinoeamax  granulaius  when 
this  fossil  is  traced  upward  through  the  quadratua-zone.  We  con- 
gratulate Dr.  Rowe  on  his  acumen  in  seizing  upon  practically  the 
only  organism  of  the  Yorkshire  Chalk  which  is  sufficiently  abundant 
and  well-preserved  to  allow  its  zonal  variation  to  be  worked  out 
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As  the  author  expressly  disclaims  that  his  paper  shoald  he  taken 
AS  more  than  ''a  preliminary  attempt  to  hring  the  fauna  of  the 
Yorkshire  coast  into  line  with  that  of  our  southern  sections/'  and 
as  he  has  so  suocessfully  achieved  this  object,  it  would  be  both 
unjust  and  ungrateful  to  consider  his  work  in  any  other  light.  Now 
that  the  way  is  made  clear  we  shall  expect  that  the  group  of 
persistent  investigators  dwelling  in  the  East  Hiding  will  push 
forward  the  work  with  renewed  energy,  not  only  testing  what  has 
been  done  but  also  adding  to  it  where  necessary.  Especially  should 
we  like  to  hear  of  the  establishment  of  local  zones  of  less  extensive 
-dimensions  than  those  which  Dr.  Rowe  has  given  us.  The  value 
of  a  narrow  zone  to  the  stratigrapher  was  stnkingly  manifest  in  the 
above-cited  instance  at  the  Bnckton  overthrust  fault.  Here  the 
-author  had  the  advantage  of  having  to  deal  with  the  only  narrow 
zone  in  his  category — that  of  Bhynchonella  Cuvieri,  The  thickness 
of  this  zone  in  the  Bnckton  cliffs  is  no  more  than  11  feet,  whereas  the 
next  in  dimensions,  those  of  Micra$ter  cor'testudinarium  and  Jf.  cor- 
anguinum,  are  given  as  120  feet  and  125  feet;  and  all  the  others 
range  between  200  and  300  or  more  feet.  Moreover,  even  with 
«uch  extensive  bounds  allotted  to  them  some  of  the  zonal  forms 
are  still  not  content,  but  manage  to  invade  their  neighbour's  territory. 
Thus  we  learn  that  "  Holaster  planus  is  as  common  in  Yorkshire  in 
the  zone  of  Ter.  graeilts  as  at  its  own  horizon."  Faults  of  considerable 
magnitude  may  remain  undetected  in  the  interior  unless  we  can  find 
means  to  identify  belts  of  strata  of  much  narrower  limits.  Indeed, 
Ave  are  reminded  by  the  coloured  map  which  accompanies  Dr.  Rowe's 
paper  of  a  long-standing  suspicion  that  there  is  likely  to  be  some 
disturbance  of  the  normal  succession  at  Speeton  between  the  railway 
line  and  the  coast,  to  which  the  pinching  in  of  the  zones  in  this 
quarter  may  be  due;  and  the  reviewer  would  recommend  this  area, 
with  the  country  to  the  south  and  west,  to  further  consideration. 

The  Cenomanian  or  *  Lower  Chalk'  in  this  as  in  his  former  papers 
does  not  come  within  the  range  of  Dr.  Rowe's  investigation.  We 
think,  however,  that  it  would  have  been  well  at  least  to  include  it 
in  giving  estimates  of  the  total  thickness  of  the  White  Chalk  of 
Yorkshire,  since  in  this  region  the  division  is  essentially  part  of  the 
lithological  mass  which  we  mean  when  we  refer  to  the  *  Yorkshire 
•Chalk.'  Moreover,  this  part  of  the  series  had  previously  been  worked 
out  with  great  care  by  Mr.  W.  Hill,  so  that  accurate  measurements 
were  already  available.  It  is  true  that  passing  reference  is  made 
to  Mr.  Hill's  paper,  but  there  would  have  been  a  distinct  advantage 
if  we  had  had  a  few  sentences  giving  a  summary  of  this  work  in 
the  present  publication,  so  that  some  account  of  the  whole  section 
might  have  been  contained  under  one  cover. 

The  lavish  wealth  of  illustration  to  which  Dr.  Rowe  has  ac- 
-custumed  us  in  his  previous  works  is  again  granted  to  us  and 
deserves  our  gratitude.  The  magnificent  series  of  photographic 
reproductions  (in  most  cases  from  originals  for  which  the  author 
tenders  his  acknowledgments  to  Professor  H.  E.  Armstrong)  brings 
ap  vivid  reminiscences  of  this  noble  coastline. 
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The  sections,  prepared  by  Mr.  C.  D.  Sherborn,  are  effective,  though 
somewhat  crudely  diagrammatio.  We  notice,  however,  that  the 
displacement  by  the  fault  at  Sel wicks  is  not  indicated.  The- 
ooloured  map  already  referred  to,  also  prepared  by  Mr.  Sherbom,. 
is  a  useful  guide  to  the  probable  range  of  the  zones  in  the  interior 
of  the  headland,  though  in  drawing  the  boundaries  it  is  probable 
that  insufficient  allowance  has  been  made  for  the  relief  of  the- 
ground  in  view  of  the  prevalent  low  dip.  The  Appendices  to  the 
paper  include  the  description  by  Mr.  G.  C.  Crick  of  a  curious 
Belemiiite,  probably  deformed  by  some  injury  to  the  living  animal ; 
and  there  is  also  a  short  note  by  the  present  writer  on  the  state 
of  preservation  of  some  of  the  Chalk  fossils. 

In  conclusion,  let  it  be  acknowledged  that  no  adequate  criticism^ 
of  work  of  this  kind  could  be  made  except  by  one  whose  knowledge 
of  the  subject  transcended  that  of  the  author.  And  our  only  hope, 
therefore,  of  ever  obtaining  such  a  criticism  is  that  Dr.  Bowe  may 
himself  undertake  it  some  time  in  the  future,  when  he  has  completed* 
his  examination  of  the  separate  districts  and  reviews  his  previous 
work  as  a  whole.  G.  W.  Lamplugh. 


JE^B3^>OI^TS     J^ISTID     IPI^OOESESlDIIsrO-S. 


L — Gbolooioal  Society  of  London. 

March  23rd,   1904.— J.  E.  Marr,  Sc.D.,  F.R.8.,  President,  in  the^ 
Chair. '  The  following  communication  was  read  : — 

**  On  the  Moine  Gneisses  of  the  East  Central  Highlands  and  their 
Position  in  the  Highland  Sequence."  *  By  George  Barrow,  Esq.,  F.G.S. 

The  paper  is  divided  into  two  parts.  The  first  deals  with  the 
parallel  banded  grey  gneisses  or  gneissose  flagstones  of  the  Perth- 
shire and  Aberdeenshire  districts,  which,  in  their  field-characters  as 
well  as  in  their  composition  and  structure,  ai*e  identical  with  the 
Moine  gneisses  of  the  North- West  Highlands.  A  description  is 
given  of  these  gneisses,  as  seen  in  and  about  the  Garry  in  Perthshire, 
and  this  is  followed  by  a  brief  account  of  the  same  rocks  in  the 
ground  to  the  east  and  north-east,  extending  to  the  Forest  of  Inver- 
cauld,  north  of  Braemar  in  Aberdeenshire.  Special  attention  is 
drawn  to  the  fact  that  towards  the  eastern  end  of  the  area  large 
masses  of  highly  quartzose  gneiss  occur,  which  are  really  part  of  the 
Central  Highland  quartzites  in  what  the  author  conveniently  describes 
as  a  *  Moine  phase,'  and  should  not  strictly  be  included  in  the  typical 
banded  grey  gneisses  at  all. 

In  the  second  part,  dealing  with  the  mode  of  ending  off  of  these^ 
gneisses  to  the  south-east,  it  is  shown  that  they  cease  to  be  recog- 
nizable as  Moine  gneisses,  owing  to  the  fact  that  they  thin  away  and 
also  become  more  finely  banded,  while  at  the  same  time  they  become^ 
less  crystalline  or  cease  to  be  gneisses.     To  prove  this,  an  account 

1  Commanicated  by  pennission  of  the  Director  of  H.M.  Geological  Survey. 
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18  given  of  a  series  of  sections  lying  along  a  belt  of  40  miles  ii> 
length,  extending  nearly  from  Blair  AthoU  to  the  east  of  Balmoral, 
in  Aberdeenshire.  The  first  and  most  important  of  these  oocnrs- 
about  Gilbert's  Bridge  (in  Glen  Tilt),  where  the  parallel  banded 
Moine  gneisses  can  be  traced  passing  slowly  into  the  honestones,  in 
which  parallel  banding  is  equally  well  shown.  This  is  a  well-known 
horizon  in  the  Central  Highland  sequenoe,  lying  next  the  white^ 
edge  of  the  Highland  Quartzite,  forming,  in  fact,  its  orginal  flaggy 
margin.  These  parallel  banded  rooks  are  in  many  cases  succeeded 
direotly  by  a  very  impure  phase  of  the  Main  or  Blair  Atholl  Lime- 
stone ;  but  in  places  patches  of  other  material  intervene,  of  which 
the  most  important  is  a  dark  schist :  this  suggests  a  small  hiatus 
at  the  margin  of  the  Limestone,  and  a  photograph  was  exhibited  to- 
show  this  hiatus.  The  conclusions  drawn  from  this  section  are 
sapported  by  the  section  seen  below  Gilbert's  Bridge,  and  a  somewhat 
similar  one  in  the  Banvie  Bum,  north  of  Blair  Castle.  As  before, 
there  is  clearly  a  small  hiatus  at  the  base  of  the  Limestone. 

In  order  to  ascertain  the  meaning  and  extent  of  this  break  in  the 
sequence,  an  account  is  next  given  of  the  complete  succession  near 
Braemar,  and  it  is  then  seen  that  at  Gilbert's  Bridge  the  Little 
Limestone  and  part,  or  at  times  the  whole,  of  the  Dark  Schist  is 
missing.  The  hiatus  always  tends  to  occur  as  an  area  is  approached 
where  the  material  forming  the  Muine  gneiss  thickens,  and  was 
originally  of  a  rather  coarser  or  more  sandy  nature. 

Where,  however,  the  section  is  complete,  it  is  seen  that  the 
material  of  the  Moine  gneisses  is  the  flaggy  margin  or  top  of  the 
Central  Highland  Quartzite ;  it  is  succeeded  by  the  Little  Lime- 
stone, above  which  is  the  Dark  Schist,  and  then  the  Main  or  Blair 
Atholl  Limestone. 

Other  sections  along  the  line  of  change  are  described,  showing  the 
varying  phases  of  the  honestones,  and  in  two  instances  their  passage 
into  Moine  gneiss.  There  is  a  constantly  varying  hiatus  at  the  bane 
of  the  Main  Limestone,  but  in  the  whole  40  miles  this  never  exceeds 
the  omission  of  the  entirety  of  the  Black  Schist  and  the  Little  Lime- 
stone (of  no  great  original  thickness).  This  break  in  the  sequence 
is  of  small  importance,  and,  as  already  stated,  often  disappears  as 
the  material  from  which  the  Moine  gneisses  were  formed  became 
thinner  and  finer,  or  more  of  the  nature  of  a  mud. 

Evidence  is  then  given  to  show  that  the  honestones  tended  to- 
become  more  sandy  and  to  thicken  south-eastward  again,  or  in 
the  opposite  direction  to  that  in  which  the  Moine  gneisses  come  on. 
From  this  the  author  oondudes  that  the  parallel  banded  material 
was  deposited  in  a  series  of  fans ;  in  the  larger  fans  we  have  the 
material  of  the  Moine  gneisses  ;  in  the  smaller  that  of  the  honestones. 
Both  are  simply  the  flaggy  top  of  the  sandstone  now  forming  the 
Central  Highland  Quartzite,  and  are  in  fact  a  passage  rock  on  its 
margin.  Anything  like  an  unconformity  between  the  two  i» 
obviously  impossible. 
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II. — MiNBRALOGiOAL  SooiBTY,  March  22.— Professor  H.  A-Miers, 
F.R.S.,  Vice-President,  in  the  Chair.     The  following  papers  were 
read  : — Irregularly  developed  crystals  of  zircon  (specific  gravity  4-0) 
from  Ceylon  :  L.  J.  Spencer.     The  crystals  were  sent  recentJy  by 
Mr.  A.  E.  Coomaraswamy  to  the  British  Maseum  for  determination, 
and  at  first  were  thought  to  be  rutile.     They  are  of  a  dark-brown 
-colour  and  almost  opaque;    the  specific  gravity  is  4*09,  and   is 
unaltered  by  heating.     A  section  cut  perpendicular  to  the  principal 
jixis  shows  interesting  variations  in  the  optical  characters,  successive 
portions  being  isotropic,  uniaxial,  and  biaxial ;  the  mean  refractive 
index  is  about  2*0.     After  being  heated  to  redness  and  cooled,  the 
material   is   bright-green   in  colour,  and  a  crystal  section  is  now 
•entirely  biaxial,  although  the  interference  figures  and  birefringence 
vary   in    different    parts. — Notes  on   '  Feather    Ore,'    identity  of 
'domingite'    (=  *  warrenite ')    with  jamesonite  :    L.    J.   Spencer. 
^Feather-ore'  is  usually  considered  to  be  a  variety  of  jamesonite; 
but,  since  the   latter  has  a  good   cleavage  perpendicular  to  the 
length  of  the  fibres,  only  brittle  'feather-ore'  can  be  included  in 
this  species  ;  on  the  other  hand,  '  feather-ore '  the  fibres  of  which  are 
fiexible  may  be  either  stibnite,  zinckenite,  plumosite  (2  Pb  S,  Sb,  S,), 
bonlangerite,  or  meneghinite.     *  Warrenite '  is  a  brittle  *  feather- 
ore,'  and  further  has  the  same  chemical  formula  (3  Pb  S,  2  Sb,  S,)  as 
that  originally  given  for  the  cleavable  Cornish  jamesonite. — Note 
on  the  indices  of  refraction  of  antimonite  :  A.  Hutchinson.     A  prism 
of  refracting  angle  8°  51'  was   found  sufficiently  transparent  to 
red  light  for  the  refractive  indices  to  be  determined  in  the  usual 
way.     The  results  obtained  are  4*129  and  3*873  for  rays  vibrating 
parallel  to  the  axes  of  z  and  x  respectively.     Measurements  of  the 
deviation   of  the   ultra-red   rays  indicate  high  dispersion   in   this 
region   of  the  spectrum.     The    investigation    is   being  continued. 
The  connection  between  the  atom  arrangements  of  the  crystals  of 
certain  allied  carbon  compounds :  W.  Barlow.     Using  balls  of  the 
same  relative  size  as  employed  in  his  previous  work,  for  instance 
in  models  of  calcite,  the  author  forms  a  carboxyl  slab.     By  uniting 
such  slabs  with  balls  representing  barium,  a  structure  is  obtained 
which  has   the  symmetry  of  barium  formate.     Again,  by  uniting 
the  slabs  with  balls  representing  hydrogen,  a  structure  with  the 
symmetry  of  oxalic  acid  is  formed.     The  author  showed  that  in 
oertain  cases,  in  order  to  effect  close  packing,  a  relative  shift  was 
necessary  between  successive  layers.     He  also  briefly  discussed  the 
tartaric  acids.— On  the  construction   and  use  of  the   moriogram: 
■G.  F.  Herbert  Smith.     The  moriogram  is  a  diagram  devised  by  the 
author  for  the  graphical  determination  of  the  angles  between  tautozonal 
poles,  obeying  the  law  of  rational  indices. — Note  relative  to  the 
history  of   the   Caperr  meteorite  :    L.   Fletcher,   F.R.S.— On   the 
meteoric  irons  of  Bethany,  Lion  River,  Springbok  River,  and  Great 
Fish  River,  South  Africa:  L.  Fletcher,  F.R.S.— Professor  J.  W. 
Judd,  F.R.S.,  exhibited  two  Gardette  twins  of  quartz. 
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BRIDLINGTON  CRAG. 

Sib, — ^The  shelly  patches  in  the  Basement  Boalder-olay  at 
Bridlington,  known  as  the  "  Bridlington  Crag,"  have  been  so  long, 
inaooessible  that  it  may  interest  glacial  geologists  to  know  that  these 
beds  are  being  temporarily  exposed  in  the  foundations  for  a  new 
sea-wall.  It  is  now  twenty-one  years  ago  since  these  shelly  patches- 
were  last  seen,  in  a  brief  exposure  on  the  foreshore,  and  when  the 
new  wall  is  built  they  will  be  more  hopelessly  hidden  than  ever. 

The  excavations  are  carried  on  between  tide-marks,  in  short 
lengths  which  are  filled  in  at  once.  The  section  which  I  saw  threo 
weeks  ago  during  a  hasty  visit  to  Bridlington  showed  about  5  feet  of 
Boulder-clay  with  narrow  streaks  and  dabs  of  richly  glauconitio 
sand  full  of  broken  shells.  I  learn  that,  in  other  places,  larger 
patches  of  the  sand,  with  some  unbroken  shells,  have  been  found, 
like  the  masses  which  I  saw  and  described  in  1882-3. 

It  is  satisfactory  to  be  able  to  add  that  the  East  Yorkshire 
geologists  are  alive  to  the  opportunity,  and  are  taking  steps  to 
secure  material  for  the  further  study  of  this  exoeptionally  interesting 
Arctic  fauna.  G.  W.  Lamplugh. 

Dublin. 


LIEUT.-GENERAL    CHARLES   ALEXANDER    McMAHON, 

F.R.S.,    F.G.S. 

Born-  March  23,  1830.  Died  February  21,  1904. 

Wi  regret  to  record  the  loss  of  an  excellent  geologist  and  petro- 
logist,  and  a  prominent  Fellow  of  the  Geological  Society  of  London. 

The  name  of  General  McMahon  suggests  the  thought  of  tha 
number  of  Army  officers  who  have  taken  up  our  science  as  a  pursuit 
and  achieved  distinction,  either  in  geology,  palseontology,  or  in 
mineralogical  geology,  often  without  any  early  scientific  training, 
as  was  the  case  with  General  McMahon.  We  recall  the  names 
of  General  Portlock,  Sir  Roderick  Murchison,  General  Strachey, 
General  Sir  Proby  T.  Cautley,  General  Hardwicke,  General  F.  T. 
Hobson,  Colonel  Godwin- Austen,  Captain  Hutton,  Major  Brickenden, 
Major  Broom,  Captain  H.  G.  Lyons,  Dr.  Leith  Adams,  and  many 
others.  How  great  would  be  the  list  if  our  cadets  at  Woolwich, 
Sandhurst,  and  elsewhere  were  encouraged  to  work  at  such  subjects* 
by  means  of  lectures,  laboratories,  museums,  and  field-work,  pro- 
ficiency to  be  rewarded  by  suitable  marks  in  examinations ! 

Charles  Alexander  McMahon  was  born  at  Highgate  23rd  March, 
1830,  and  was  the  son  of  Captain  Alexander  McMahon,  of  the 
H.E.LC.  Service.  He  served  for  eight  years  in  the  39th  M.N.I., 
and  for  thirty  years  on  the  Punjab  Commission.  He  was  late 
Commissioner  of  Lahore  and  a  Fellow  of  Lahore  University. 

Although,  outside  his  official  life,  Lieut-General  C.  A.  McMahoiv 
was  well   known  as  an    ardent  and  able  geologist,   bis  name  is 
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ffemerabered  in  India  for  the  thirty  years  of  excellent  work  as 
a  Gommissioner  and  Civil  Judge.  The  most  exoiting  period  of 
this  career  was  at  the  time  of  the  Indian  Mutiny,  when,  as  a  yoang 
roan  under  thirty,  he  was  suddenly  called  upon  to  assume  chai^ 
of  the  Sialkot  district,  just  at  the  moment  (May,  1857)  when  the 
native  troops  rose  in  revolt.  Lieutenant  McMahon  managed  to 
send  ofif  a  few  lines  to  General  John  Nicholson,  who  was  taking 
s  movable  column  to  Delhi.  This  prompt  action  led  to  the 
mutineers  being  met  and  destroyed  by  Nicholson  at  the  action  of 
Trimmos  Ghat. 

When  Commissioner  of  Hissar,  in  1871,  General  McMahon  took 
lip  the  study  of  geology  and  petrology ;  and  when  on  furlough  to 
England  in  1879-80  he  joined  the  Royal  School  of  Mines,  studying 
geology  under  Professor  Judd,  mineralogy  under  Sir  Warington 
Smyth,  and  biology  under  Professor  Huxley.  Professor  Judd 
writes  : — "  On  his  return  to  India  he  took  up  a  series  of  geological 
studies  of  the  granites  and  other  rocks  of  the  Himalayas,  the  result 
of  his  labours  being  given  to  the  world  in  a  number  of  papers 
|)ubli8hed  in  the  Records  of  the  Geological  Survey  of  India. 
After  his  retirement  he  continued  these  researches  with  the  same 
enthusiasm  as  before,  devoting  special  attention  to  petrological 
and  mineralogioal  investigations.  Even  after  the  failure  of  his 
health,  and  when  afflicted  with  almost  complete  blindness,  he  not 
only  maintained  an  interest  in  his  favourite  pursuit,  but  dictated 
a  paper  which  appeared  quite  recently  in  the  Gbolooioal  Maqazinb."^ 
He  became  a  Fellow  of  the  Geological  Society  in  1878,  and  received 
the  Lyell  Medal  in  1899  "  in  recognition  of  the  value  of  his  services 
<to  petrology,  and  more  particularly  of  the  work  done  by  him  in 
India."  He  served  on  the  Council,  was  a  Vice-President  of  the 
<3reological  Society ;  and  President  of  the  Geological  Section  of 
the  British  Association  at  Belfast  in  1902.  He  was  elected  President 
of  the  Geologists'  Association  in  1894-95.  Dr.  W.  T.  Blanford, 
a  valued  friend  of  General  McMahon's,  and  for  30  years  connected 
with  the  Geological  Survey  of  India,  says : — "  In  the  exploration 
of  the  principal  rock  groups  in  the  Western  Himalayas  Ite  was 
a  pioneer,  and  his  discoveries  were  of  great  scientific  importance. 
From  1877  to  1887  General  McMahon  contributed  24  papers 
to  the  Records  of  the  Geological  Survey  of  India,  for  the  most 
part  descriptive  of  the  geology  and  petrology  of  districts  in  the 
Simla  area,  thence  northward  to  Spiti,  and  around  Dalhousie  and 
Chamba,  and  in  a  few  other  localities.  The  so-called  Himalayan 
Central  Gneiss  he  showed  to  be  an  intrusive  granitic  formation." 
The  death  of  General  McMahon  closes  a  strenuous  life  of  recognized 
service  to  Government  in  his  administrative  cai*eer  in  India,  and  of 
fruitful  scientific  research  in  geology,  a  combination  testifying  to 
intellectual  equipment  unusually  varied  and  to  uncommon  mental 
energy  maintained  until  the  very  last. 

General  McMahon  married,  first,  Elizabeth,  daughter  of  Colonel 
O.  F.  Head,  late  Queen's  Royal  Regiment,  and  secondly,  Charlotte 
>  November,  1903,  p.  492. 
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Emily,  daagbter  of  Mr.  Henry  Dorling,  of  Stroud  Qreen  Hou8e, 
OroydoD,  who  survives  him.  The  distinguished  Indian  frontier 
political  ofSoer,  Lieutenant-Colonel  A.  H.  MoMahon,  C.S.I.,  O.I.E., 
F.R.G.S.,  F.Q.S.,  Judicial  Commissioner  at  Quetta,  Beluchistan,  is 
ills  eldest  surviving  son.     (In  part  from  The  Times.) 

LIST  OF  PAPERS  BY  LIEUT. -GENERAL  C.  A.  McMAHON. 
^*The  Blaine  Group  and  the  *  Central  Gneiss'  in  the  Simla  Himalayas":   India, 

Geol.  Survey  Records,  x  (1877),  pp.  204-223. 
**  Notes  of  a  Tour  through  Hangrang  and  Spiti":   India,  Geol.  Survey  Records, 

xiill879),  pp.  57-69. 
**  Notei  on  the  Section  from  Dalhousie  to  Pangi,  vi&  the  Sach  Pass  " :  India,  Geol. 

Survey  Records,  xiv  (1881),  pp.  305-310. 
^*  The  Geology  of  Dalhousie,  North- West  Himalaya  "  :  India,  Geol.  Survey  Records, 

XV  (1882),  pp.  34-51. 
**  On  the  Traps  oi  Darang  and  Mandi  in  the  North-West  Himalayas  " :  India,  Geol. 

Survey  Records,  xv  fl882),  pp.  156-164. 
*^  Senile  Notes  on  the  Geology  of  Chamba  " :  India,  Geol.  Survey  Records,  xvi  (1883), 

pp.  36-42. 
**  On  the  Basalts  of  Bombay" :  India,  Geol.  Survej  Records,  xvi  (1883),  pp.  42-60. 
**0n  the  Microscopic  Structure  of  some  Dalhousie  Rocks":   India,  Geol.  Survey 

Records,  xvi  (1883),  pp.  129-144. 
«<  On  the  Lavas  of  Aden  '^:  India,  Geol.  Survey  Records,  xvi  (1883),  pp.  145-158. 
*^  On  the  Altered  Basalts  of  the  Dalhousie  Region  in  the  North- Western  Himalayas" : 

India,  Geol.  Survey  Records,  xvi  (1883),  pp.  186-192. 
**  On  the  Microscopic  Structure  of  some  Sub-Himalayan  Rocks  of  Tertiary  Age" : 

India,  Geol.  Survey  Records,  xvi  (1883),  pp.  186-192. 
'**Note  on  the  Foliation  of  the  Lizard  Gabbro":  Geol.  Mao.,  Dec.  Ill,  Vol.  IV 

(1887),  pp.  74-77. 
"♦♦The  Gneissose  Granite  of  the  Himalayas":    Gbol.  Mao.,  Dec.  Ill,  Vol.  IV 

(1887),  pp.  212-220;  Vol.  V  (1888),  pp.  61-66. 
"  On  a  mode  of  usin^  the  Quartz  Wedge  for  estimating  the  strength  of  the  Double 

Refraction  of  Mmerals  in  thin  slices  of  Rock  " :  Geol.  Mao.,  Dec.  Ill,  Vol.  V 

(1888),  pp.  548-553 
**  Notes  on  the  Hornblende- Schists  and  Banded  Crystalline  Rocks  of  the  Lizard" : 

Quart.  Joum.  Geol.  Soc.,  vol.  xlv  (1889),  pp.  519-544. 
'*  NoteB  on  the  Culm-Measures  at  Bude,  North  Cornwall " :  Gbol.  Mao.,  Dec.  Ill, 

Vol.  VII  (1890),  pp.  106-117  and  222-226. 
(With  Bonnet,  T.  G.)    **  Results  of  an  Examination  of  the  Crystalline  Rocks  of  the 

lizard  District":  Quart.  Joum.  Geol.  Soc.,  vol.  xlvii  (1891),  pp.  464-499. 
*•  The  Manufacture  of  Serpentine  in  Nature's  Laboratory :  a  Reply  " :  Gbol.  Mao., 

Dec.  Ill,  Vol.  IX  (1892),  pp.  71-76. 
**  Notes  on  Dartmoor" :  Quart.  Joum.  Geol,  Soc.,  vol.  xlix  (1893),  pp.  385-397. 
-•*  Trachvtes,  Metamorphic  Tuffs,  and  other  Rocks  of  Imeous  Origin  on  the  West 

Fhmk  of  Dartmoor" :  Quart.  Journ.  Geol.  Soc,  vol.  l  (1894),  pp.  338-366. 
"The  Rape  of  the  Chlorites"  :  Geol.  Mao.,  Dec.  IV,  Vol.  I  (1894),  pp.  111-114. 
(With  HuTCHiNos,  W.  M.)  '*  Note  on  Pseudo-Spherulites  " :  Gbol.  Mao.,  Dec.  IV, 

Vol.  II  (1895),  pp.  257-259. 
Presidential  Address  to  the  Geologists'  Association,  February  1st,  1895. 
Appendix  to  W.  H.  Hudle8ton*8  paper  on  Indian  Geolo^  :    Proc   Geol.  Assoc., 

vol.  xiv  (1896).  p.  292. 
^' Notes  on  the  Aee  and  Structure  of  the  Gneissose  Granite  of  the  Himalayas  with 

reference  to  Mr.  Middlemiss's  Memoir  on  the  Geology  of  Hazara* ' :  Gbol.  Mao., 

Dec.  IV,  Vol.  IV  (1897),  pp.  304-313  and  345-355. 
**  Notes  on  some  Volcanic  and  otner  Ro^  which  occur  near  the  Baluchistan- Afghan 

Frontier,  between  Chaman  and  Persia":   Quart.  Joum.  Geol.  Soc.,  vol.  liii 

(1897),  pp.  289-309. 
*^  On  the  occurrence  of  Allanite  in  the  Hornblende-Granite  of  Lairg,  Sutherland* 

shire" :  Geol.  Mao.,  Dec.  IV,  Vol.  VI  (1899),  pp.  194-196. 
**  Notes  on  the  Geology  of  Gilgit":    Quart.  Journ.  Geol.  Soc.,  vol.  Ivi  (1900), 

pp.  337-369. 
Presidential  Address  to  Section  C  (Geology),  British  Association,  Belfast,  1902. 
^'Further  Remarks  on  Granite"  :  Gbol.  Mao.,  Nov.  1903,  pp.  492-499. 
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CHARLES   RICKETTS,    M.D.,   F.G.S. 
BouN  1818.  Died  February  29,  1904. 

BoBN  about  1818  at  Tiohfield,  Hants,  Charles  Bicketts  wag- 
ed uoated  at  Bath,  having  previously  attended  a  preparatory  school  at 
Sfeubbingtoo,  where  he  appears  to  have  shown  an  interest  in  geology, 
as  he  treasured  in  his  collection  the  first  fossil  he  obtained  from 
the  Hampshire  cliffs. 

After  graduating  in  Medicine  he  went  to  the  North  of  England 
in  1845  or  1846,  and  although  he  was  some  time  in  Lancaster  and 
the  neighbourhood,  the  principal  part  of  his  life  since  then  war 
spent  in  Birkenhead,  where  he  practised  as  a  physician. 

He  was  elected  a  member  of  the  Geological  Society  of  London  in 
1867  ;  he  frequently  attended  the  meetings,  and  in  1885  contributed 
a  paper  **  On  Erratics  in  the  Boulder-clay  of  Cheshire,  etc.,  and  the 
Conditions  of  Climate  they  denote"  (Q.J.G.S.,  vol.  xli,  pp.  591-8). 

The  bulk  of  his  papers  were  read  to  the  Liverpool  Geological 
Society,  of  which  he  became  a  member  in  1863.  He  was  elected 
to  the  Council  in  1865,  and  served  as  President  in  1870-2  and  again 
in  1889-90.  He  read  his  first  paper  to  the  Liverpool  Geological 
Society  in  1865  "  On  a  Wooden  Implement  found  in  Bidston  Moss," 
and  in  it  he  incidentally  refers  to  the  action  of  deposition  and 
depression,  a  subject  on  which  he  held  original  views,  which  were 
fully  elaborated  in  his  Presidential  addresses  of  1871  and  1872.  In 
these  addresses  he  strove  to  prove  that  the  relation  of  denudation 
and  deposition  to  elevation  and  depression  were  those  of  cause  and 
effect.  The  convolution  of  strata  caused  by  the  differential  weight 
of  overlying  deposits  was  illustrated  by  numerous  models,  some  of 
vehich  were  exhibited  at  one  of  the  conversaziones  of  the  Hoyal  Society. 
These  were  constructed  by  him  and  are  still  in  existence.  He 
further  developed  his  ideas  in  a  communication  to  the  Geological 
Magazine  "On  some  Physical  Changes  in  the  Earth's  Crust"  in 
1889  (pp.  49,  115,  and  165),  in  which  he  discusses  the  views  of 
some  leading  geologists  on  the  same  subject.  It  was  in  his- 
Presidential  address  of  1872  that  he  attributed  earthquakes  to 
movements  of  faults,  and  anticipated  the  theory  now  generally  held. 
He  also  wrote  on  the  Carboniferous  Limestone  and  on  glacial 
phenomena,  to  which  he  gave  much  attention.  Twenty-five  of  his 
papers  are  printed  in  the  Proceedings  of  the  Liverpool  Geological 
Society.  He  was  an  active  member  of  the  Naturalists'  Field 
Clab  and  other  Societies.  On  leaving  the  neighbourhood  he  pre- 
sented his  valuable  and  extensive  collection  to  University  College 
(now  the  University  of  Liverpool). 

He  was  a  careful  observer,  an  original  thinker,  and  an  indefatigable 
worker  in  the  field,  till  absolutely  prevented  by  the  weight  of 
increasing  years.  His  kindly  and  unselfish  disposition  endeared 
him  to  all  who  knew  him,  and  had  he  been  less  unobtrusive  his 
work  would  probably  have  attracted  more  general  notice. 

On  leaving  Birkenhead  about  four  years  ago  for  his  native  county 
he  was  elected  an  honorary  member  of  the  Liverpool  Geological 
Society.  He  died  at  Curdbridge,  Hants,  on  29th  February  last,  at 
the  advanced  age  of  86.  T.  M.  R. 
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L — Obssbvatioms  on  bomb  of  thb  Fobahinifbba  of  thk 
OoKAKio  Books  of  Tbimioad. 

By  B.  J.  Lbchmerb  Gufft. 

{Concluded  from  the  May  Number^  p.  199.) 

(PLATES  VIII  AND  IX.) 

THE  oceanio  beds  of  Naparima,  in  Trinidad,  contain  numerous 
forms  of  Foraminifera  of  great  interest,  and  I  propose  to  make 
some  obserrations  on  a  few  of  them.  These  rocks  and  their  contents 
were  described  by  me  in  the  Journal  of  the  Geological  Society  of 
London,  1892  (yol.  xlyiii,  p.  519).  Messrs.  Jukes-Browne  and 
Harrison  treated  of  the  same  subject  in  the  same  journal  in  1899 
(vol.  Iv,  p.  177),  and  I  have  given  further  particulars  in  the 
Proceedings  of  the  Zoological  Society,  1894  (p.  647),  in  the 
Proceedings  of  the  Trinidad  Field-Naturalists  Club,  1893,  and  in  the 
Gbolooioal  Magazine,  1900,  p.  322.  A  few  further  observations 
are  published  in  the  Proceedings  of  the  Victoria  Institute. 

On  Gonatospbjbra,     (PI.  YIII,  Figs.  1-7.) 

In  the  Proceedings  of  the  Zoological  Society,  1894,  I  described 
a  new  genus  and  species  from  the  Dt^rupa-bed  of  Pointapier,  in 
Trinidad,  under  the  name  of  Oonatosphara  prolata.  The  specimens 
then  discovered  and  described  did  not  enable  me  to  ascertain  with 
any  certainty  the  relationships  of  the  form.  Since  then  I  have 
discovered  other  specimens  which  may  throw  additional  light  upon 
these  relationships,  and  I  think  that  there  is  sufficient  interest 
attached  to  the  subject  for  me  again  to  bring  it  forward.  The 
specimens  originally  discovered  were  either  almost  spherical  (this 
being  the  young  form)  or  a  more  or  less  prolate  spheroid  with 
a  ridge  encircling  it,  as  shown  in  the  figs.  14,  16,  19  of  the  plate 
appended  to  the  paper  quoted.  This  ridge  is  the  remnant  of  the 
widl  of  the  last  chamber,  which  has  been  broken  away  in  these 
specimens;  while  in  figs.  15, 17,  18  the  last  chamber  has  not  been 
added.  The  shell  begins  its  existence  as  a  small  spherical  chamber 
which  in  the  adult  generally  shows  as  a  protuberance  more  or  less 
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marked  at  the  initial  or  aboral  end  of  the  shell.  The  next  Begment 
invests  this  almost  entirely,  leaving  only  a  small  part  of  the  initial 
chamber  nnoovered,  and  each  saooeeding  segment  invests  the  portion 
of  the  shell  already  formed  in  the  same  manner  until  the  last 
segment  is  added.  This  last  segment  is  of  a  size  equal  to  or  larger 
than  the  whole  of  the  previous  segments  together,  and  does  not 
(as  the  previously  formed  ones  did)  completely  invest  the  preceding 
segments,  but  only  to  the  extent  of  about  one-half  of  the  longer 
diameter  or  length  of  the  shell.  This  chamber  further  differs  from 
the  preceding  ones  in  being  oval  in  cross  section  instead  of  circular. 
The  mature  shell  thus  described  (PI.  VIII,  Figs.  1-4)  recalls  to  mind 
Lingultna,  which  appears  to  be  its  nearest  relation.  From  the  first 
the  aperture  of  Oonatosphara  is  an  elongate  slit,  while  the  section  of 
the  shell  at  right  angles  to  the  axis  of  its  growth  is  circular.  It  is 
therefore  evident  that  an  elongate  aperture  is  not  necessarily  induced 
by  a  flattened  or  compressed  contour  of  the  shell,  as  in  Vagintdina, 


Diagram -Section  of  Oonatosphtdra, 

As  to  Lingvlina,  Carpenter  says  (Introd.,  p.  164)  that  it  is  nothing 
but  a  compressed  Nodosaria  whose  transverse  section  is  oval,  and 
whose  aperture  has  undergone  a  corresponding  elongation.  But  the 
case  of  Oonatosphara  shows  that  a  shell  of  a  circular  section  may 
have  an  elongate  slit-like  aperture,  and  that  moreover  a  shell  having 
such  a  character  in  its  younger  stages  may  develop  a  subsequent 
segment  of  compressed  or  oval  contour,  as  if  indeed  the  shape  of  the 
aperture  had  ultimately  a  greater  controlling  influence  than  the 
shape  of  the  shell.  I  think  these  facts  tend  to  establish  the  validity 
of  Zingtdtna  as  a  generic  group  near  which  Gonaiosphara  might  be 
placed  in  the  family  Nodosaridsd. 

As  regards  the  minuter  structure  of  Oonatosphara,  the  test  is 
minutely  and  closely  tubulated  like  that  of  the  unornamented 
Nodosaria,  but  it  seems  to  be  composed  of  two  or  more  layers  of 
shell-substance. 

Brady  (Ohall.  Rep.,  p.  617)  regards  Lingultna  as  representing 
transition  stages  between  Nodosaria  and  Frondictdaria.    This  may 
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be  80 ;  but  if  so,  LinguUna  comes  earlier  on  the  line  of  development 
still,  retaining  more  of  a  frondioularian  oharaoter  tban  Nodosaria^ 
Bat  I  oonld  not  assert  that  any  of  these  forms  are  on  the  exact  line 
of  development :  they  each  represent  side  branches  of  such  a  line  of 
which  Nodoiaria  is  the  last  and  highest  development  in  its  own 
direction.  CristeUaria,  Frondicularia,  Uvigerina  (including  Sagrina) 
are  forms  which  have  branched  out  of  the  main  line  of  development 
between  Pohftnorphina  and  Nodosaria. 

I  should  doubt  if  the  fig.  16  of  pi.  Ixv  of  the  "Challenger" 
Report  is  Lingulina  carinata ;  it  looks  more  like  a  Nodosaria.  Qoes 
gives  a  good  figure  (<<Caribean  Rhizopoda,"  pi.  i,  &g,  67).  Brady's 
figs.  14,  15  of  pi.  Ixv  have  the  fissurine  aperture  of  the  typical 
lAngtdtna,  while  16,  17  have  the  polymorphine  aperture. 

This  will  be  an  appropriate  place  to  refer  to  the  resemblance 
between  Fissurina  and  lAngidina,  On  consulting  Beuss's  monograph 
of  Lagena  (1862,  Taf.  vi  and  vii)  I  noticed  at  once  the  resemblance 
of  the  aperture  and  other  features  of  Fiasurina  to  GonatoBphara^ 
and  I  find  since  that  Goes  (Carib.  Rhiz.,  p.  58)  considers  Fiasurina 
to  be  the  young  of  Zingtdina,  I  am  not  by  any  means  sure  that  this 
is  not  so ;  but  the  young  of  Oonatoaphara,  while  possessing  the  slit- 
like aperture,  differs  from  Fissurina  in  being  spherical  instead  of 
<X)mpressed. 

Remarks  on  Nodosabida. 

Jkntalina  is  not  a  genns  at  all,  as  has  been  shown  by  Parker, 
Brady,  Eupert  Jones,  and  Carpenter.  Indeed,  it  is  not  even  a  variety. 
Yet,  while  maintaining  Dentalina  as  a  group  distinct  from  Nodosaria, 
rhizopodists  foimerly  included  under  the  latter  name  several  entirely 
distinct  forms  which  are  now  known  under  different  generic  names, 
e.g.,  Lituola  (Eaplostiche),  Beophax,  Clavtdina,  Pleurostomella, 
Ellipsoidina,  eta  Possibly  a  form  like  that  I  have  named 
Stilostomella  may  have  been  the  original  of  Linne's  N.  radictda. 
Even  so  lately  as  1882  Goes  (whose  splendid  memoirs  on  Caribean, 
Arctic,  and  Scandinavian  Rhizopoda  are  so  highly  to  be  valued)  has 
included  Nvheetdaria  under  the  name  of  Nodosaria  (see  Carib.  Rhiz., 
pi.  i,  figs.  4,  6,  7). 

Ludwig  Rhumbler  (in  Verhandlung  der  deutschen  zoologi$chen 
Geaettschafi,  1897)  has  pointed  out  the  distinguishing  characters  of 
Nuhectdaria  and  the  relationships  of  that  form,  which  is  admittedly 
distinct  from  Nodosaria.  He  there  explains  clearly  the  transition 
of  Ophthalmidium  on  the  one  hand  into  Spiroloculina^  and  on  the  other 
into  Nuhectdaria.  His  explanation  is  well  supported  by  the  facts. 
And  here  we  may  ask  if  Articulina  is  not  the  same  generically  as 
NubectUaria  ? 

Amphieoryne  is  no  more  a  genus  than  Dentalina.  It  is  simply 
a  Nodosaria  in  which  the  embryonic  character  of  Polymorphina 
passing  into  CristeUaria  has  been  retained  until  a  late  stage  in  the 
growth  of  the  organism.  And  it  is  this  occasional  persistence  of  an 
embryonic  character  which  shows  us  the  true  phylogeny  of  an 
organism,  in  this  case  Nodosaria,  as  indicated  in  my  paper  of  1894 
(P.Z.S.). 
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The  term  Sagrina  is  saperflaouB,  as  pointed  out  by  Brady  (Chall. 
Bep.,  p.  580).  The  name  Uvigerina  soffioiently  oovers  the  forms  so 
named.  Uvigerina  as  well  as  SpiropUeta  shows  a  oristellarian 
commencement.  Uvigerina  is  the  form  connecting  Folpnorpkin» 
through  Cristellaria  with  Nodosaria,  while  SpiropUeta  is  the 
analogous  arenaceous  form.  The  biserial  and  triserial  forms  of  the 
arenaceous  Foraminifera  passing  into  nniserial  forms  are  due  to  their 
descent  from  Polymorphina,  Very  minute  Textularians  as  well  as^ 
Bolivina  often  show  a  similar  kind  of  commencement 

Goes  (**  Arctic  and  Scandinavian  Bhizopoda,"  p.  6)  gives  figures 
of  three  forms  of  Frondieulariaf  two  of  which  closely  resemble  those 
I  have  given  in  P.Z.S.,  1894,  pi.  xli,  figs.  3, 4.  His  observations  are 
entirely  in  accordance  with  mine.  He  says :  "  This  in  this  instance 
we  have  before  us  the  plainest  proceeding  of  evolution  from  one 
type  to  another,  in  which  an  earlier  type  becomes  larva  for  another 
type.  At  last  the  larval  condition  is  reduced  to  a  single  segment, 
and  a  new  form  has  originated  seemingly  standing  without  much 
morphological  connection  with  its  origin.*'  He  further  remarks  that 
the  smallest  embryo  segments  do  not  always  give  rise  to  a  dimorphous 
form,  but  at  once  assume  the  mature  arrangement  of  the  segments. 
This  is  exactly  what  I  pointed  out  in  my  paper  above  referred  to. 
Thus  FlaheHina  is  not  a  genus,  but  merely  represents  those 
Frondicularias  that  retain  an  embryonic  oristellarian  commencement 
That  these  were  more  abundant  in  the  past  than  they  are  at  present 
is  natural,  for  the  tendency  would  ever  be  for  the  embryonic  form  to 
pass  at  once  to  the  mature  form.  And  this  condition  is  not  confined 
to  Foraminifera,  but  is  exhibited  in  species  belonging  to  Crustacea, 
Insecta,  and  Molluscs.  These,  as  they  increase  by  interstitial  and 
not  by  incremental  growth,  do  not  permanently  show  the  embryonic 
form,  though  Mollusca  do  so  to  some  extent.  They  pass  through 
the  embryonic  stages,  and  the  embryonic  condition  can  only  be 
observed  while  they  are  passing  through  it  But  Foraminifera, 
growing  by  stages  and  each  stage  being  retained  as  part  of  the 
mature  organism,  show  more  or  less  all  the  stages  they  have  passed 
through  from  the  first  segment 

We  have  not  yet  arrived  at  a  true  appreciation  of  the  full 
significance  of  the  various  characters  of  Foraminifera.  Doubtless 
we  shall  do  so  after  careful  study  and  comparison.  Without  being 
able  myself  to  point  out  all  the  significance  of  the  facts,  I  may  still 
advert  to  some  of  them. 

The  close  affinity  between  Nodoearia^  Uvigerina,  and  Folywu>rphina 
has  long  been  acknowledged  by  rhizopodists.  It  is  stated  by 
Carpenter  (Introd.,  p.  168).  It  is  only  the  order  of  their  development 
and  affinity  that  has  been  matter  of  doubt  The  aperture  of 
Nodosaria  is  normally  circular  with  radiating  fissures  or  grooves. 
This  aperture  is  characteristic  of  Polymorjihina,  Cristellaria,  and 
Frandieidaria.  In  some  Nodosarians  the  radiating  fissures  are 
obsolete  or  disappear,  and  the  aperture  becomes  simply  circular, 
often  at  the  end  of  a  neck  which  is  usually  everted  and  encircled  by 
ridges  spiral  or  circular.     In  other  forms,  the  test  being  oval  ia 
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iransyene  section,  the  aperture  beoomee  a  slit,  the  animal  taking  on 
a  oompressed  form,  e.g.  VaginvXina, 

The  old  ideas  about  the  phylogeny  of  Nodosaria  arose  from  the 
fact  that  it  was  so  easy  to  imagine  the  unicellular  Zagena  budding 
another  segment  on  to  itself,  which  process,  if  continued,  would  result 
tn  an  organism  resembling  a  Nodosaria.  Car|)enter  says  (Introd., 
p.  165)  that  the  relationship  of  the  IMio$arta  to  the  unilocular 
Lagena  "  is  extremely  obvious,  many  forms  of  Nodoiaria  being  in 
all  essential  particulars  Zagena,  of  which  the  segments  that  are 
Buccessively  formed  by  gemmation  have  remained  in  continuity  with 
«aoh  other."  But  I  have  seldom  found  a  Lagena  that  I  could 
mistake  for  the  chamber  of  a  Nodosaria,  or  the  broken-oiF  chamber 
of  a  Nodosaria  which  I  could  mistake  for  a  Lagena.  And,  indeed,  if 
such  were  the  descent  of  Nodosaria  the  existence  of  the  amphicoryne 
form  would  be  inexplicable.  In  order  to  supply  an  explanatioii 
rhizopodists  have  been  compelled  to  assume  an  extreme  instability 
of  character  in  Foraminifera  which  is  beyond  the  fact  It  may  he 
added  that  the  aperture  of  a  typical  Lagena  seldom  resembles  that  of 
a  Folymorphina  or  Nodosaria.  The  fine  series  of  figures  given  by 
Goes  ("  Arctic  and  Scandinavian  Foraminifera,"  pis.  ix-xiii)  shows 
the  persistency  of  the  polymorphine  aperture  in  forms  descended 
from  the  polymorphine  type.  The  "  Challenger "  figures  are  not 
oxcelled  by  any  in  fidelity  to  nature,  and  th^y  show  the  same  feature. 
So  likewise  with  the  figures  given  by  Flint  {'*  Kecent  Foraminifera," 
Smithsonian  Institution,  1899).  And  Eupert  Jones,  in  the  Monthly 
Microscopical  Journal  (1876),  gives  some  good  figures  showing  the 
typical  form  of  the  nodosarian  aperture  to  compare  with  that  of 
Lingvlina  eostata  which  he  figures  at  pi.  cxxix,  fig.  11. 

NoDOSABiA  HispiDA  and  others. 

I  have  retained  the  name  of  Nodosaria  hispida  for  one  of  the  most 
abundant  Nodosarians  of  the  oceanic  beds  of  Naparima  in  Trinidad, 
and  though  I  was  at  first  doubtful  of  this  determination,  it  seems 
oonfirmed  by  Flint's  fig.  1  of  his  pi.  Ivii  and  fig.  4  of  pi.  Ivi.  In 
our  N.  hispida  (PI.  VIII,  Figs.  10, 11)  the  segments,  though  spherical 
internally,  and  therefore  of  the  same  shape  as  those  of  the  typical 
N.  hispida,  are  closely  connected  externally  by  shell-substance  filling 
up  the  sutures,  one  or  two  only  of  the  latter  segments  being  distinctly 
separated  by  a  sunken  suture  or  constriction.  The  shell  is  thus 
somewhat  fusiform  in  outline ;  it  is  often  straight,  but  occasionally 
curved  or  dentaline.  The  surface  is  covered  with  tubercles  or 
spines,  and  this  character  is  pretty  evenly  maintained.  The  aperture 
is  circular,  and  is  situated  in  a  short  doubly-lipped  neck  as  in 
N.  ahyssorum  and  other  species.  In  beds  which  seem  to  have  been 
deposited  in  shallower  water  the  tubercles  become  bolder  and  more 
•elongate,  and  this  form  is  called  N.  conspurcata  (Beuss,  Tert.  Foram., 
pi.  ii,  figs.  10-12).  Many  of  the  specimens  recall  N.  verruetdosa, 
i^eug.,  and  are  not  distinguishable  by  any  trustworthy  character. 
H.  rugosa.  Orb.  (For.  Cuba),  appears  to  be  a  poor  example  of  the 
«ame  species.    N.  hirsuta,  Orb.,  Parker,  Jones  &  Brady  (Ann.  &  Mag. 
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.  Hist,  Sept.  1871,  pi.  ix,  fig.  45),  is  another  form  of  the  samd 
lies ;  indeed,  it  is  by  those  authors  (p.  154)  assigned  to  hispida^ 

lie  minute  stmoture  of  the  test  is  probably  similar  to  that  of  other 
Nodosarians,  that  is  to  say,  minutely  and  olosely  tubulated.  But  the 
appearanoe  under  the  mioroscope  is  similar  to  that  of  Orhvlinaf  as 
figured  by  Carpenter  (Introduction,  pi.  xii,  fig.  8).  What  appear  ta 
1)e  large  pores  are  probably  the  transparent  shell-substanbe  of  the 
toberoles. 

Other  Nodosarians  of  the  Naparima  oceanic  beds  are  worthy  of 
a  notice.  These  are  specially  N,  abyssorum,  N,  longi$eaia,  and 
N.  arundinea.  Neither  N.  longiseata  nor  N.  artmdinea  are  noticed  in 
the  *'  Challenger "  Report,  but  both  are  recorded  from  the  London 
Olay  and  Vienna  Basin ;  also  from  the  oceanic  beds  of  Barbados^ 
N.  arundinea  (PL  7III,  Figs.  14, 15)  consists  of  a  long  tube-like  body 
^th  occasional  slight  constrictions  and  inflations.  In  its  genend 
form  it  resembles  Bhahdammina,  while  N,  longiaeata  resembles 
Hyperammina.  The  shell-structure  of  both  species  is  minutely  and 
closely  tubulated  as  in  other  Nodosarians,  and  shows  no  sign  of  any 
arenaceous  condition.  I  have  not  access  to  any  satisfactory  figures  of 
either  species.  N.  longiseata  (PI.  VIII,  Figs.  12, 13)  generally  consists 
of  a  sub-globular  initial  segment  succeeded  by  one  or  two,  rarely 
three,  extremely  elongate  segments,  scarcely  separated  by  a  more  or 
less  evident  constriction.  I^me  of  the  simpler  forms  recall  certain 
forms  of  Lagena  vulgaris^  although  they  cannot  be  mistaken  for 
LagenoB.  It  is  possible  that  N,  arundinea  is  really  the  same  as 
N,  longiseata,  but  I  have  not  been  able  to  prove  this.  The  specimens 
of  the  former  showing  the  nearest  approach  to  the  latter  are  some- 
what like  a  thermometer-tube  in  shape. 

Nodosaria  abyssorum  (PI.  VIII,  Figs.  8, 9)  was  described  by  Brady, 
who  in  Chall.  Rep.,  p.  504,  says  of  it,  ''  It  is  not  by  any  means 
certain  that  it  really  belongs  to  the  genus  Nodosaria,  that  it  is  not 
rather  a  deep-sea  variety  of  Sagrina.^*  I  am  of  opinion  that  it  b 
a  Nodosaria,  the  polymucronate  apex,  by  which  character  it  is  dis- 
tinguished from  all  other  Nodosarias,  being  in  no  way  like  the 
apical  portion  of  a  Sagrina  (Uvigerina), 

Nodosaria  abyssorum  was  found  at  Challenger  Station  296,  south- 
west of  Juan  Fernandez,  at  a  depth  of  1,825  fathoms,  and,  so  far  as 
I  can  ascertain,  it  is  not  recorded  from  any  other  locality.  It  is  not 
mentioned  either  by  Brady  or  Chapman  in  their  lists  of  Barbados 
Fossil  Foraminifera.  It  occurs  in  the  Naparima  oceanic  beds,  and 
specimens  in  all  respects  similar  to  those  figured  by  Brady  (Chall. 
Rep.,  pi.  Ixiii,  figs.  8,  9)  are  common.  Ind^,  that  and  N  hispida 
are  the  two  most  abundant  and  easily  recognized  Nodosarias  found 
in  these  rocks,  and  it  was  owing  to  the  frequency  of  their  occurrence 
that  I  called  some  of  the  beds  Nodosaria  beds.  The  non-oocurrenco 
of  N.  abyssorum  in  the  Barbados  oceanic  beds  is  remarkable,  as  their 
fauna  is  almost  identical  with  that  of  the  Naparima  beds  of  Trinidad. 

In  the  identification  of  Beuss's  species  retrorsa,  it  appears  to  me 
that  Brady  has  not  made  use  of  his  usual  acumen.  Brady*s  figure 
-  (Chall.  Rep.,  pi.  Ixiii,  fig.  7)  represents  what  I  take  to  be  a  slender 
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form  of  ahyssorum.  Benss's  figure  (Sitzungsb.  d.  k.  Akad.  Wise.  Wien, 
Tol.  xlviiiy  1863,  p.  46,  pL  iii,  fig.  27)  shows  a  very  different  form. 
The  spedes  seems  to  have  been  based  on  a  single  fragment  with 
imperfeot  first  and  last  chambers ;  there  is  therefore  nothing  from 
which  to  infer  a  poly  muoronate  apex.  But  this  is  the  essential  oharaoter 
of  N,  ahyisorum,  and  saoh  an  apex  is  olearly  shown  in  Brady's  figure 
above  quoted,  and  I  know  of  no  other  Nodosaria  which  exhibits  this 
feature;  I  take  it,  therefore,  that  Brady's  retroraa  (not  Beuss's)  must 
be  considered  a  variety  of  abyssorum,  and  thus  the  range  of  distribution 
of  N.  abysiorum  (in  a  varietal  form)  is  extended  to  the  Ei  Islands  at 
a  depth  of  580  fathoms.  Nodo$ar%a  ahyssorum  is  so  distinct  a  species 
that  one  seldom  has  any  doubt  about  any  specimen  of  it.  The 
character  of  its  apex  or  initial  end  is  so  marked,  and  its  other 
diaracters  are  usually  constant 

It  is  remarkable  that  the  nearest  relation  of  an  echinoderm 
.( CysteelUnua)  found  in  the  oceanic  rocks  of  Barbados  is  also  from 
the  neighbourhood  of  Juan  Fernandez,  at  a  depth  of  over  2,000 
fathoms. 

OONOLUDIMQ  BSMABKS. 

I  have  at  the  present  only  a  few  further  remarks  to  make  about 
the  Foraminifera  of  the  oceanic  beds.  Ptdvinulina  Menardi  and 
Virgulina  are  remarkable  for  their  absence  from  these  deposits.  The 
record  of  the  occurrence  of  an  example  of  P.  Menardi  by  me  was  an 
error.  Pviffintdina  eanariensis  (a  near  relation  of  P.  Menardi)  occurs 
in  the  Pointapier  Dt^rupa-bed  and  in  the  Badiolarian  marls  of 
Naparima,  and  it  is  recorded  from  one  locality  in  Barbados,  but 
I  have  not  found  it  in  the  foraminiferal  beds  of  Naparima.  (See  the 
observations  of  Parker  &  Bupert  Jones,  **  North  Atlantic  and  Arctic 
Foraminifera,"  1864,  p.  395.)  Virgulina  has  not  occurred  either  in 
Barbados  or  Trinidad.  Is  it  possible  that  this  may  be  an  indication 
of  the  age  of  these  beds,  while  the  absence  of  Pulvinvlina  Menardi 
may  be  due  to  the  extension  of  the  continent  to  the  north-eastward, 
as  indicated  in  my  papers  of  1892  and  1902  ? 

The  list  of  Foraminifera  from  Bissex  Hill,  Barbados,  given  by 
F.  Chapman  (Joum.  Qeol.  Soa  London,  1898,  p.  550),  is  almost 
identical  with  ours  from  the  Naparima  oceanic  beds.  The  few 
differences  are  mainly  due  to  the  determination  of  forms  under 
different  names  by  each  of  us.  The  only  significant  difference  is  the 
absence  of  Orbulina  from  the  Barbados  oceanic  beds.  It  is  abundetnt 
in  the  oceanic  beds  of  Trinidad  and  in  the  Pointapier  i>t<rttpa-bed. 

It  may  be  useful  to  repeat  here  the  conclusions  as  to  depth  of 
water  and  other  physical  conditions  arrived  at  by  Messrs.  Harrison 
and  Jakes-Browne  as  the  result  of  their  examination  of  the 
geology  of  Barbados  (published  by  authority  of  the  Barbadian 
Legislature,  1890). 

**  In  the  calcareous  earths  the  shells  of  Foraminifera  are  common, 
most  of  them  belonging  to  species  which  are  now  found  at  con- 
siderable depths  ....  the  assemblage  of  species  being  such 
as  might  now  be  found  in  Atlantic  ooze  at  a  depth  of  1,000  fathoms. 
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There  oan  be  no  doubt,  tfaerefore,  that  these  ohalky  earths  and 
limestones  were  formed  in  the  same  manner  and  at  the  same  depths 
as  the  ohalky  muds  whioh  are  now  being  formed  in  many  parts  of 
the  Atlantic  and  Paoifio  Ooeans.  The  silioeons  radiolarian  earths 
indicate  even  a  greater  deptii  than  the  oaloareons  deposits.  Badio- 
larian  ooze  does  not  exist  in  the  Atlantic,  bnt  is  fonnd  in  the  Paoifie 
and  Indian  Oceans  at  depths  of  from  2,000  to  4,000  fathoms.  Its 
existence  in  Barbados  therefore  suggests  the  idea  that  it  was  formed 
in  a  deep  basin  whioh  was  open  to  the  Pacific  as  well  as  to  the 
Atlantic,  and  consequently  at  a  time  when  the  Isthmus  of  Panama 
did  not  exist" 

These  conclusions  are  exactly  applicable  to  the  Naparima  oceanic 
beds.  But  it  must  be  admitted  that  the  enormous  amount  of  change 
in  the  physical  geography  of  this  portion  of  the  earth's  surface 
whi(di  would  be  required  to  satisfy  these  conclusions  makes  one  feel 
inclined  to  be  contented  to  accept  a  less  depth  of  water  than  that 
above  indicated,  if  other  circumstances  can  be  shown  to  admit  of 
this.  And  I  think  that  this  can  be  done ;  for  the  amount  of  clastic 
material  found  in  certain  of  the  beds  (Nariva  Series)  betokens  (as 
I  may  hereafter  have  an  opportunity  of  showing)  nearness  of  land 
and  a  shallower  sea  than  might  apparently  be  indicated  by  the 
Microzoic  fauna. 

Note  on  the  foregoinq  Paper. 

Ludwig  Bhumbler  has  (in  Naehriekien  Oe$eU$eha/i  der  Wissei^ 
schaften  zu  OdtHngen,  1895,  p.  61,  and  the  paper  before  cited)  two 
very  noteworthy  papers  on  the  phylogeny  of  Foraminifera.  In  the 
first  of  these  papers  he  has  propounded  a  very  ingenious  systematic 
arrangement  of  the  families.  My  researches  have  not  enabled  me 
to  say  how  much  of  his  system  is  founded  in  fact,  but  the  observations 
in  the  foregoing  paper  show  that  so  far  as  regards  the  phylogeny  of 
IMlosaria  the  system  is  not  exactly  applicable.  Indeed,  it  is  most 
likely  that  all  triserial  and  biserial  Foraminifera  have  been  evolved 
from  Folymorphina,  their  triserial  and  biserial  nature  being  in  fact 
due  to  that  parentage,  the  primordial  form  being  a  unioellular 

PcifHiOffMMi. 

The  theoiy  that  Nodosaria  is  derived  directly  ftrom  Lagena,  and 
that  CrisUllaria  and  related  forms  are  derived  from  Nodosaria,  is  the 
result  of  an  idea  that  complex  forms  must  be  evolved  from  simpler 
ones,  and  that  a  simple  form  cannot  be  evolved  from  a  composite  one. 
The  fact  cannot  be  denied,  however,  that  in  Clavtdina,  BigenerinOj 
Uvigerina,  eta,  the  simpler  form  follows  on  the  more  complex  one. 

tumbler's  observations  tend,  I  think,  to  confirm  mine  respecting 
the  so-called  gemmation  or  colony-building  of  Foramipifera.  This 
theory  appears  to  me  to  be  founded  on  a  misconception  of  the  real 
mode  of  growth  of  the  foraminifer.  The  body  of  the  foraminifer, 
like  that  of  the  mollusc,  grows  by  interstitial  increase,  while  the  shell 
is  extended  by  incremental  increase.  To  accommodate  the  integument 
to  the  increase  of  size,  the  insect  and  the  crustacean  exuviate  their  old 
riielis  and  form  new  ones.    But  the  mollusc  and  the  foraminifer, 
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iDBtead  of  doing  this,  develop  an  additional  portion,  segment,  or  oell 
to  accommodate  the  increased  size  of  the  body.  This  is  incremental 
growth  as  contrasted  with  the  interstitial  growth  of  the  soft  parts. 
The  idea,  therefore,  that  a  polythalamons  foraminifer  is  a  colony  and 
not  a  single  organism  is  not  well  founded.  No  doubt  the  idea  is 
derived  from  the  coelenterata,  where  separate  polyps  are  developed 
one  from  another,  the  whole  mass  of  polyps  nevertheless  remaining 
in  union  and  forming  what  is  designated  as  a  colony.  In  one  sense 
perhaps  every  animal  may  be  regarded  as  a  colony.  But  the 
foraminifer  is  not  more  so  than  a  Nautilus. 


Nodosaria. 


(UTig«rina 
iSagrina 


Lingulina 


Frondicularia 


Cristellaria 


Polymorphina 


EUipeoidina 


Pleurostomella 


Textularia 
Spiroplecta 


Miliolina 


La^ena 


Primordial  form. 

BlAOBAM  TO  ILLUST&ATE  THE  PhYLOQENT  OF  Nodotaria  AND  ALLIED  FORMS. 

EXPLANATION  OP  PLATES  VIII  AND  IX. 
Plate  VIU. 

fios.  l^.-'Gonatotphiera  prdata.      Views  of  diJEferent  specimens  of  the  perfect 

adult  form. 
, ,     5-7.— Specimens  in  which  the  last  chamher  has  been  broken  away,  leaying  the 

ridge  where  the  wall  of  the  last  chamber  was  adherent  to  the  preyions 

segment.    In  Fig.  7  a  portion  of  the  wall  of  the  last  chamber  still 

remains. 
„     8,  9. — Nodosaria  abi/aMnm»  Fios.  12,  13. — Nodoiaria  Umgueata, 

,,     10,  11. — Nodofaria  hitpida.  „      14,  Id.^Nodasaria  arundinea. 
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Platb  IX. 

Fig.  1. — ClavuUna  Soldaniu  Fio.  10. — Nbdosaria  ohliqua. 

„  2. — Seophax  BMrpiurus,  „  11. — Nodotaria  toluta, 

t9  3. — Cyelamina  deformi9,  „  12. — Oristeliarui  rotulata^ 

f,  4. — MilioUna  maeiUnta,  „  13. — Crittellaria  aeuleata, 

,t  6. — 8piroloeul%na  tmuiaeptata.  ,,  14. —  Uvig^rina  raphanui. 

ii  6. — Teztularia  $agittula,  „  15. — Flanorbulina  eUffons. 

,>  7. — Textt4laria  earinata.  „  16. — JhtlvinuHna  eUgoHM. 

„  8. — Textularia  iroekus,  ,,  17, '^Tuetularui  atpera. 

ff  9. — Nodoaaria  raphanistrum.  „  IS, ^ Ttxtularia  gramen. 


11. — OOOURBBNOB  OF  MiOOENB  BoCKS  IN  EaSTEBN  SiMAI.* 
By  W.  F.  HuMB,  D.Sc.  (Lond.),  A.R.S.M.,  F.G.S. 

THE  stady  of  Egyptian  geology  during  the  last  few  years  has 
thrown  a  flood  of  light  on  the  former  extension  of  the 
Mediterranean  southward  in  Miooene  times.  Th.  Fuohs,*  in 
examining  the  rich  ooUeotions  from  the  Cairo-Suez  desert  and 
the  oasis  of  Siwah,  reoognized  that  the  Miooene  strata  had  a  close 
resemblance  to  those  of  the  Vienna  Basin,  and  oorresponded  to 
the  Grander  Beds  at  the  base  of  the  second  Mediterranean  stage, 
or  the  lower  portion  of  the  Middle  Miocene.  Later  L.  H.  Mitchell,' 
when  studying  the  neighbourhood  of  Bas  Jemsa  and  Jebel  Zeit 
in  1887,  obtained  a  number  of  large  oysters,  which  Meyer-Eymar 
recognized  as  Ostrea  craBBtBaima  and  Ostrea  gtgantea,  and  which 
were  regarded  as  proving  the  existence  of  strata  of  Upper  Miocene 
age  along  the  western  border  of  the  Suez  Gulf.  From  these  results 
Blanckenhorn  ^  concluded  that  the  Gulf  of  Suez  must  have  been 
a  Mediterranean  bay  in  Miocene  times,  and  further  noted  (Zeitsch. 
Deutsch.  Geol.  GeselL,  Band  liii,  1901,  p.  79)  that  characteristic 
Miocene  Pectens,  viz.  Fecten  Suh-Malvina,  occurred  in  the  collection 
made  by  Barron  at  Abu  Sha'ar.  He  further  formed  the  opinion 
that  all  the  marine  Miocene  strata  in  Egypt  were  of  the  age  assigned 
to  them  by  Fuchs  (see  also  Barron  Ss  Hume,  ''Miocene  Rocks  in 
Eastern  Desert,"  Memoir  of  Egypt.  Geol.  Surv.,  1902,  pp.  169-165). 
Strata  of  similar  age  were  first  found  in  the  Sinai  Peninsula  by 
Bauerman  in  1868  {*'  Note  on  a  Geological  Reconnaissance  in  Arabia 
Petrsea,"  Quart.  Journ.  Geol.  Soc,  xxv,  pp.  24  and  37),  and  were  sub- 
sequently examined  by  Rotbpletz  (''  Stratigraphisches  von  der  Sinai- 
Halbinsel,"  N.  Jahrb.  fur  Min.,  1893,  i,  p.  103)  and  Blanckenhorn 
(Zeitsch.  Deutsch.  Geol.  Gesell.,  Bd.  liii,  1,  1901,  p.  75),  the  latter 
tracing  them  from  Wadi  Gharandel  to  the  mouth  of  Wadi  Tayiba. 
When  examining  the  southern  end  of  Eastern  Sinai,  the  present 

^  Published  by  permission  of  Sir  W.  Garstin,  Under-Secretary  of  State  for  Public 
Works,  Egypt,  and  Captain  H.  G.  Lyons,  R.E.,  Director- General  Survey  Depart- 
ment, Cairo. 

'  Th.  Fuchs,  <*  Beitrage  zur  Kenntnis  der  Miocaenfauna,  etc.,*'  in  Zittel, 
"  Erforschung  der  Libyschen  Wiiste,'*  p.  36. 

3  L.  H.  Mitchell:  *'Ka8  Gemsah  and  Jebel  Zeit:  Eeport  on  their  Geology  and 
Petroleum";  Cairo,  1887. 

*  M.  Blanckenhorn,  "Die  Struckturlinien  Syriens  und  des  Rothen  Meeres'*: 
Bichthofen  Festschrift,  Berlin,  1893. 
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writer  was  sarpriaed  to  find  beds  of  large  oysters  in  the  terraces 
a  few  kilometres  south  of  Sherm,  at  the  foot  of  a  marked  transverse 
range,  the  Jebel  Zafara,  these  being  espeoially  marked  in  Wadi 
Ehondyah.  On  comparing  these  with  the  oysters  from  the  Miocene 
west  of  the  Snez  Oolf,  there  seemed  little  doubt  that  the  specie^ 
were  identical,  but  to  fully  establish  the  point  the  specimens  were 
submitted  to  Dr.  BlaDckenhom,  who  has  recognized  the  oysters 
of  Wadi  Ehoraiyah  as  Ostrea  Virleti,  Desh.,  and  typical  Osirea 
gingen$i$f  var.  $eten$i$,  Blanck.,  while  Oatrea  Virleti  was  further 
recorded  from  a  limestone  above  brown  sands  between  Nebk  and 
Sherm.  The  latter  was  evidently  derived  from  the  older  Miocene 
series,  but  is  now  associated  with  Pleistocene  fossils. 

In  a  paper  on  the  geology  of  Eastern  Sinai  (International  6eoL 
Congress,  Paris,  1901)  the  writer  called  special  attention  to  the 
existence  of  certain  highly  tilted  beds  occurring  at  the  southern  end 
of  the  peninsula,  in  most  cases  standing  well  back  from  the  sea  and 
having  undergone  extreme  alteration.  South  of  Jebel  Zafara  these 
are  well  developed,  forming  a  series  of  yellow  hills  close  to  the 
junction  of  the  igneous  rocks,  and  rising  nearly  200  metres  abovo 
the  sea.  Here  the  beds  have  been  tilted  to  an  extraordinary  extent, 
in  some  cases  dipping  from  30^  to  60^  E.,  and  being  apparently 
connected  with  a  longitudinal  fault  of  importance.  In  the  paper 
above-mentioned  it  was  further  pointed  out  that  their  appearance 
recalled  the  altered  coral-reefs  of  this  region,  and  that  they  still 
contained  oysters  and  oasts  of  Pecten^  but  their  a^e  was  not  then 
definitely  stated.  The  identification  of  the  oysters  of  Ehoraiyah  leaves 
little  doubt,  however,  that  these  beds  also  are  of  Miocene  age,  and  we 
therefore  arrive  at  the  conclusion  that  the  Older  Tilted  Beefs  at  the 
southern  end  of  the  Gulf  of  Ahaba  are  Miocene  in  age  and  agree 
with  those  on  the  western  side  of  the  Gulf  of  Suez.  Dr.  Blanckenhorn 
has  made  some  observations  in  sending  the  specimens  which  it  may 
be  of  interest  to  quote  here.  **  It  is  to  be  assumed  that  lAlhodomus^ 
(Boiula)  einnamomea,  Gastrochana  Betzi,  oysters  of  the  crassiasima- 
gingensis  group,  Zucina  sp.  a£f.  tigrina,  and  corals  like  Cyphaslraa 
chalcidteum,  etc.,  persisted  from  Miocene  to  Pleistocene  times  in  the 
Ery  thrsBan  region  in  a  salt  '  Binnensee '  situated  somewhere  in  the 
deepest  part  of  the  Gulf  of  Suez.  In  the  Upper  Pliocene  there  was 
the  second  invasion  of  Mediterranean  forms  into  the  Erythrseaa 
region.  At  this  point  there  came  in  Pecten  varius,  Pecten  henedictus, 
Cerithium  eonicum,  Ostrea  cucullata  and  plicattda,  Area  lactea,  etc. 
Possibly  in  the  neighbourhood  of  Sinai  there  may  be  a  place 
which  still  contains  remains  of  this  more  continental  transition 
period  between  the  Middle  Miocene  (Helvetian)  and  the  Upper 
Pliocene.  Might  the  No.  4798  [this  is  the  above-mentioned  Osirea 
gingengis,  var.  setensis,  of  Wadi  Ehoraiyah]  be  included  here?*' 

Having  seen  the  deposits  from  both  the  Eastern  Desert  of  Egypt 
and  Eastern  Sinai,  it  seems  to  me  impossible  to  separate  the  two, 
and  if  the  former  are  Helvetian  the  latter  must  also  be  of  the  same 
age,  so  that  the  conclusion  is  forced  on  us  that  the  Gulf  of  Akaba 
(at  least  in  part)  was  already  occupied  by  the  sea  at  this  early 
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period.  The  question  thus  opened  is  a  wide  one,  and  whaterer 
its  solution  demands  far-reaching  hypotheses.  Did  the  Miocene 
sea  extend  over  the  whole  peninsula,  and  are  these  but  faulted 
relics  of  this  Mediterranean  advance,  or  was  the  present  cob- 
£gnration  of  this  district  so  far  outlined  that  two  arms  of  the  sea 
already  bounded  the  Sinai  peninsula,  though  connected  with  the 
Mediterranean  instead  of  the  Bed  Sea,  as  at  the  present  day?  In 
the  Central  Sinai  ranges  no  traces  of  such  strata  have  been  met 
with  in  the  fault-valleys,  and  the  final  answer  will  probably  only 
be  obtained  when  the  plateau  of  El  Tih  has  been  more  oloeslr 
-examined.  The  other  alternative  appears  to  be  that  fault  or  rift 
action  had  begun  at  a  far  earlier  date  than  is  usually  assumed. 

In  any  case  it  can  now  be  definitely  stated  that  Mioeeme  strata 
of  well-marked  character  are  also  present  in  the  Gulf  of  Akaba 
area,  and  Barron  permits  me  to  add  that  he  has  found  PteUm, 
Oitrea,  and  Meteroitegina  beds  of  the  same  age  to  be  present  in 
the  whole  sedimentary  area  of  the  west  of  Sinai.  We  both  agree 
in  regarding  the  raised  reef  at  Bas  Mohammed  as  belonging  to  the 
same  stage,  a  view  which  is  supported  to  a  certain  extent  by 
Blanckenhom's  identification  of  the  fossils  sent  from  this  locality, 
though  the  latter  are  always  poorly  preserved. 

III. — Hot  Spbings. 

By  Ekkebt  H.  L.  Schwarz,  A.E.C.8.,  F.G.8., 

Of  the  Geological  Survey,  Cape  of  Good  Hope. 

THBOUGH  the  great  kindness  of  Professor  Suess  I  have  received 
the  full  text  of  his  paper  on  Hot  Springs,  read  before  the 
•Congress  of  Natnrforscber  und  Aerzte '  held  last  year  in  Karlsbad, 
in  which  he  adduces  very  strong  arguments  in  favour  of  their 
being  due  to  vapours  given  off  from  the  molten  interior  of  the 
earth  as  it  gradually  cools.  I  have  for  a  long  time  been  observing 
the  hot  springs  that  occur  in  the  Gape  Colony,  and  had  come  to  the 
conclusion  that  they  were  surface-waters  that  had  sunk  deep  into 
the  earth's  crust,  and  were  returned  heated  in  consequence  of  their 
having  been  in  the  neighbourhood  of  potential  fusion  of  the  rooks. 
This  latter  view  I  alluded  to  in  a  recent  paper,'  and  I  do  not  like 
to  have  to  give  up  a  long-cherished  idea  before  submitting  to  the 
public  a  statement  of  the  reasons  that  led  me  to  my  view  of 
the  subject. 

The  first  point  is  the  position  in  which  we  find  the  hot  springs 
of  the  Colony.  Those  at  AHwal  North  occur  apparently  in  the 
Beaufort  Beds,  and  those  at  Malmesbury  in  the  old  day-slates  and 
granite,  but  all  the  others  come  out  at  or  near  the  junction  of  the 
Table  Mountain  Sandstone  with  the  Bokkeveld  Beds.  The  following 
is  a  list  of  those  that  I  have  visited : — Caledon ;  Montagu ;  Brand 
Vlei,  on  the  Worcester-Villiersdorp  road ;  Warm  Water,  on  the  road 

»  '<  Prometheus,"  toI.  xiv,  Nob.  690,  691,  692,  beginning  p.  209,  Berlin,  1903 ; 
abstract  in  Geographical  Journal,  vol.  xx,  p.  517. 

»  ♦*  An  unrecognised  Agent  in  the  Deformation  of  Eocks":  Trans.  S.  African 
Phil.  Soc.,  p.  391,  Cape  Town,  1903. 
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from  Montagu  to  Ladismith ;  Warm  Water,  a  spring  in  the  bed  of 
the  Ondtshoom  Oliphant's  Biver,  jast  before  it  enters  the  gorge 
through  the  Samka  Hills;  Tover  Water  in  Uniondale  Division, 
sooth  of  the  Zwartebergen ;  and  Warm  Water  in  the  upper  part 
of  the  Clanwilliam  Oliphant's  Biver.  Brand  Ylei  is  the  hottest 
spring,  the  water  being  sufficient  to  soald  pigs  with — an  unsoientifio 
way  of  expressing  things,  perhaps,  but  preferable,  I  think,  to  giving 
the  readings  from  the  thermometer  of  oommeroe;  the  water  from 
the  spring  in  the  valley  of  the  Olanwilliam  Oliphant's  Biver  ha» 
to  be  oooled  down  before  one  oan  get  into  it;  but  the  rest  are  just 
so  hot  that  one  oan  cautiously  enter  the  water  as  it  issues.  Most 
of  them  oontain  iron  in  solution,  but  Brand  Ylei  does  not  deposit 
anything.  In  the  same  position  there  are  very  many  ordinary 
springs,  and,  in  fact,  the  hot  springs  are  each  aooompanied  by  a  oold 
spring  that  issues  alongside.    In  the  next  two  series  of  beds,  the 


Fio.  1. — The  succession  of  the  beds  in  the  folded  region  of  the  Cape  Colony. 
T.M.S.,  Table  Mountain  Series ;  Bv.,  Bokkeveld  Series  (Devonian)  ; 
W.,  Witteberg  Series ;  Ds.,  shales  below  the  Dwjrka  Conglomerate,  Dw. 
X  indicates  the  position  where  most  of  the  hot  spnngs  of  the  colony  come 
out ;  it  is  a  well-recognized  water-zone.  T  is  a  corresponding  water -zone 
but  no  hot  springs  come  out  here,  though  some  are  highly  ferruginous. 

Witteberg  and  the  Dwyka  series,  the  former  corresponding  in 
character  to  the  Table  Mountain  Sandstone,  and  the  latter,  as  far 
as  the  lower  shales  are  concerned,  to  the  Bokkeveld  Beds,  there  is 
a  water-zone  at  the  junction,  but  owing  to  the  less  porous  nature 
of  the  sandstones  the  springs  are  very  weak  and  scarce,  though 
some  of  them  are  charged  with  iron,  as  at  Hartnek's  Kloof  in  the 
Geres  Karroo;  the  Witteberg-Dwyka  springs  are  never  warm. 
Besides  the  hot  and  the  cold  and  the  ferruginous  springs,  we  have 
in  the  Colony  what  are  known  as  sand-fountains,  which  are,  as  it 
were,  quicksands  inverted,  for  if  a  stone  is  pressed  into  the  moist 
sand  it  is  promptly  returned  to  the  surface ;  should,  however,  the 
spring  dry  up,  owing  to  the  drought,  the  sand-fountains  become  true 
quicksands,  and  cattle  going  down  to  drink  are  quickly  entombed. 
The  sand-fountains  occur  on  the  junction  of  the  sandstone  formations 
with  the  overlying  shale  beds,  but  the  kruid-  or  stink-fountains, 
that  is  to  say,  those  giving  oflF  sulphuretted  hydrogen,  usually  occur 
away  from  the  mountains.  Hot  springs  occur  also  in  the  Table 
Mountain  Sandstone  in  the  bed  of  the  Umzimvubu  Biver,  near 
Pont  St.  John's,  and  in  the  Molteno  Beds  in  the  bed  of  the  Kenigba 
Biver,  near  the  trading  station  called  Kenigha,  but  these  occur 
irregularly,  without  any  apparent  general  cause  for  their  appearance. 
What  I  wish  to  call  attention  to  is  that  there  is  a  great  water-zone 
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at  the  junction  of  the  Table  Mountain  Sandstone  and  the  Bokkeveld 
Beds,  and  that  ordinary  springs,  whioh  are  certainly  the  water 
returned  to  the  surface  after  a  short  course  underground,  occur 
plentifully  along  it;  the  hot  springs,  instead  of  taking  advantage 
of  Teins  or  fissures,  come  up  in  exactly  the  same  way.  In  other 
words,  the  hot  springs  at  the  surface  occur  in  the  same  manner  as 
the  cold  ones,  though  it  is  probable  that  the  hot  water  reaches  the 
water-zone  through  underground  fissures.  When  there  is  a  good 
exposure  of  the  Malmesbury  day-slates,  from  which  the  l^ble 
Mountain  Sandstone  has  been  removed  by  denudation,  the  veins 
of  quartz  are  seen  everywhere  traversing  the  rock;  north  of  Vim 
Rhynsdorp,  indeed,  the  surface  of  the  ground  is  so  covered  witb 
the  white  quartz  which  has  weathered  out  of  these  veins  that  it 
looks  as  if  there  had  been  a  heavy  fall  of  snow.  My  first  point, 
therefore,  will  depend  on  whether  these  fissures  are  being  filled  by 
materials  from  solution  in  water  which  is  essentially  different  in 
origin  to  that  of  the  surface  springs. 

As  far  as  I  am  aware,  no  heavy  metals,  such  as  gold  or  mercury, 
have  been  found  in  connection  with  lavas.^  Dykes  are  known  to 
contain  them  in  workable  quantities,  as  in  some  of  the  acid  veins 
in  Australia ;  I  have  even  found  gold  in  the  dolerite  traversing  the 
banket-reefs  on  the  Band ;  also  the  precious  metal  occurs  in  some 
of  the  volcanic  tuffs  of  Australia,  for  instance  on  the  Lyndhurst 
gold  field,  but  in  all  these  cases  there  is  a  very  strong  suspicion, 
or  some  would  say  conclusive  proof,  that  the  gold  has  got  into 
the  rock  by  absorption  and  infiltration,  and  is  not  original.  At 
Ongeluk's  Nek,  in  the  Drakensberg,  there  was  a  very  great  gold- 
rush  at  one  time,  and  the  lavas  were  prospected  to  the  topmost 
peaks  of  the  range,  but  without  result.'  Should  volcanoes  be  the 
orifices  of  pipes  that  go  down  to  the  inmost  recesses  of  the  earth, 
then  one  would  expect  oceanic  islands  and  volcanic  areas  to  be  the 
best  places  to  prospect  in,  instead  of  the  older  sedimentary  rocks, 
and  the  difference  to  my  mind  proves  that  the  mineralized  beds 
have  been  carried  beneath  the  earth's  surface  to  greater  depths  than 
those  at  which  volcanoes  have  their  origin.  All  this  seems  to  point 
to  an  essential  difference  between  volcanoes  and  hot  springs.  The 
latter  do  deposit  gold  and  other  heavy  metals  from  solution,  as  one 
oan  actually  see  now  in  progress  at  the  Steamboat  Springs  in 
Nevada,'  though  the  process  is  one  that  usually  goes  on  at  a  very 
great  depth.  The  hot  springs  may  be  due  to  expulsion  by  super- 
heated vapour,  and  it  seems  an  obvious  explanation  when  we  see 
the  enormous  pressure  which  steam  vnll  exert     In  the  interior  of 

[}  Reference  may  be  made  to  the  occurrence  of  native  iron,  which  has  been 
discovered  in  considerable  quantities  at  Ovifak,  Disko  Island,  Greenland,  and  which 
was  at  one  time  supposed  to  be  of  meteoric  origin,  but  has  since  been  shown  to  be 
<^sseminated  through  an  eruptive  basaltic  rock  on  the  spot,  and  must  therefore  have 
come  to  the  surface  from  a  deep-seated  source  in  the  interior  of  the  earth.  ^See 
K.  I.  V.  Steenstrup  in  Mineralogical  Magazine,  July,  1884,  vol.  vi,  p.  1.)  — 
Edit.  Gbol.  Mao.] 

»  Ann.  Report  Geol.  Commission  for  1902,  Cape  Town,  1903,  p.  46. 

>  Becker:  U.S.  Geol.  Surv.,  Mon.  13,  1888. 
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the  earth,  however,  things  are  in  eqailibrinm ;  enormous  pressures 
do  exist,  but  they  are  produced  by  the  superincumbent  masses  of 
rock,  and  the  heat  that  there  is  at  great  depths  only  exists  as  a  mode 
of  energy  which  helps  in  balancing  the  stress.  In  other  words, 
looked  at  from  an  isostatic  point  of  view,  there  is  no  surplus  energy 
in  the  earth's  interior  to  expel  the  large  quantities  of  water  that  come 
<ip  in  hot  springs;  these  must  rise  in  accordance  with  hydrostatic 
laws.  The  argument  from  the  permanency  of  such  springs,  which 
would  seem  to  imply  that  they  are  independent  of  supplies  from  the 
surface,  can  be  met  with  the  counter  argument  that,  as  they  are  hot, 
and  must  therefore  come  up  from  great  depths,  the  area  with  which 
they  are  in  hydrostatic  connection  is  sufficiently  large  to  ensure 
a  constant  average. 

The  third  point  is  that  raised  in  my  paper  on  the  deformation  of 
rocks,  referred  to  above.  It  is  that  though  lavas  do  undoubtedly 
<x)ntain  a  large  quantity  of  water-vapour,  nevertheless  this 
water-vapour  is  held  up  in  occlusion,  and  is  unavailable  unless 
the  lava  has  cooled  down  to  a  certain  point  My  inference  was 
drawn  from  a  study  of  the  Drakensberg  lavas,  in  which  there  are 
very  large  vesicles  in  the  shape  of  branching  pipes;  these  occur 
only  on  the  bottom  of  the  lava-flows,  the  topmost  portions  having 
got  rid  of  most  of  their  water-vapour  and  show  only  the  normal 
rounded  vesicles.  This  seemed  to  me  a  sufficient  proof  that  the 
water- vapour  was  held  in  actual  occlusion,  just  as  gases  are  held 
in  occlusion  in  furnace  slag.^  For  when  the  lava  was  flowing,  the 
pressure  on  the  surface  being  reduced  from  that  of  many  atmospheres 
in  the  chimney  of  the  volcano  to  that  of  one  atmosphere,  one  would 
naturally  expect  that  all  the  water- vapour  would  explosively  escape ; 
this,  however,  was  not  the  case,  or  else  the  vesicles  would  not  have 
been  formed.  What  happened  was  this :  the  topmost  layers  of  the 
lava-flow  cooled  down  to  the  expulsion  point,  and  then  only  gave 
off  their  occluded  water- vapour ;  later,  the  lower  layers  cooled 
down  and  endeavoured  to  get  rid  of  their  water-vapour,  but  the 
upper  layers  had  already  cooled  below  the  expulsion  point,  and 
were  therefore  unable  to  absorb  and  pass  on  that  which  the  lower 
layers  tried  to  get  rid  of ;  the  consequence  was  that  the  water- vapour 
was  obliged  to  come  out  from  the  body  of  the  molten  rock,  and 
had  to  force  this  apart  in  the  shape  of  the  very  large  vesicles  in 
order  to  accommodate  itself.  From  a  study  of  the  microscopic 
characters  of  the  lavas  I  was  led  to  infer  that  the  temperature  of 
the  extrusion  of  the  water- vapour  was  a  little  above  the  melting- 
point  of  labradorite,  that  is  to  say,  somewhere  in  the  neighbourhood 
of  1200^  C.  The  whole  of  this  question  is  one  that  can  be  settled 
by  laboratory  experiment,  and  I  am  earnestly  hoping  that  there  will 
be  early  opportunities  of  doing  such  work. 

My  fourth  point  is  in  connection  with  the  moon.  That  body  was 
separated  from  the  earth  at  a  time  when  the  water  now  existing 
on  the  surface  of  the  earth  formed  part  of  the  atmosphere.    It  has 

^  Sir  Lowthian  Bell :  Journal  of  the  Iron  and  Steel  Institute,  No.  11,  1881. 
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been  oaloulated  that  the  pressure  on  the  earth's  aurCaoe  was  327 
times  that  at  present  exerted,^  and,  therefore,  modi  water-vapour 
must  have  been  foroed  into  the  liquid  rock-mass.  If  the  prindplo 
of  occlusion  is  confirmed,  then  the  molten  magma  must  have  been 
able  to  take  in  far  greater  quantities  than  that  which  would  be  due 
simply  to  pressure. 

However  this  may  be,  away  went  the  moon  into  space,  and 
immediately  both  the  enormous  pressure  of  the  earth's  atmosphere 
was  removed  and  the  mass  was  cooled  below  the  expulsion  point. 
The  surface  of  the  moon  then  became  subjected  to  enormous  vokania 
activity,  sufiioiently  violent,  as  some  have  imagined,^  to  throw  out 
materials  beyond  the  attraction  of  itself,  and  which  are  only  now 
occasionally  falling  on  our  earth  in  the  form  of  meteorites.  What 
became  of  the  water- vctpour  ?  If  large  quantities  of  water  are  con- 
tained in  molten  rock,  as  much,  for  instance,  as  comes  out  in  the 
eruptions  of  Vesuvius,  would  there  not  be  some  trace  of  water  on  the 
moon,  seeing  that  practically  the  whole  of  the  surface  is  one  vast  field 
of  volcanoes  ?  One  can  account  for  much  by  the  evaporation  into 
space  and  attraction  by  the  earth,  but  an  entire  hydrosphere  to 
disappear  and  leave  no  traces  behind  seems  impossible.  On  the 
other  hand,  if  we  imagine  that  the  moon  only  took  away  a  small 
amount  of  water  occladed  in  the  molten  rock,  then  we  have 
a  quantity  which  can  be  more  reasonably  treated  in  this  way.  The 
form  of  the  lunar  volcanoes  approaches  that  of  the  quiet  caldera- 
form  of  which  Kilauea  is  the  type  on  earth,  but  we  cannot  attach 
much  weight  to  an  argument  based  on  mountains  that  one  can 
only  see  and  which  we  cannot  ascend  hammer  in  hand. 

I  am  painfully  aware  of  the  weakness  of  much  of  my  reasoning, 
but  most  of  this  is  due  to  the  want  of  knowledge  of  the  fundamental 
facts  of  earth-structure.  The  stresses  and  strains  in  a  ship  of  war 
are  known  in  the  smallest  detail,  but  those  existing  on  the  earth 
are  little  known,  although  the  comparative  times  during  which  the 
two  have  been  under  observation  are  monstrously  disproportionate. 
If  geologists  could  start  from  the  beginning  with  a  certain  knowledge 
that  the  earth  cooled  from  the  centre,  and  that  the  whole  is  in 
isostatic  equilibrium,  it  would  not  be  possible  to  be  in  doubt  on  such 
a  subject  as  hot  springs ;  but  are  not  these  two  facts,  as  I  might 
almost  call  them,  still  in  dbpute  ? 

If  we  descend  to  the  bottom  of  a  mine  on  the  Rand  one  is 
astonished  at  the  coolness  of  the  workings,  as  compared  with  what 
would  naturally  be  expected  from  the  rate  of  increase  of  under- 
ground temperature  that  is  usually  assumed,  that  is,  1^  F.  for 
every  50  or  60  feet ;  and  it  is  a  well  -  established  fact  that  in 
many  mineral  countries,  like  Minas  Oeraes  in  Brazil,  the  rata 
of  increase  is  very  small.  A  study  of  the  British  Association 
Reports  on  underground  temperature  leaves  one  with  a  sense  of 
despair:  how  are  such  divei^nt  results  to  be  sorted  out  and 
explained  ?     If  one  is  to  regard  the  earth  as  a  rigid  structure^ 

I  Rev.  0.  Fisher :  *♦  Physics  of  the  Earth's  Crust,*'  1899,  p.  148. 
^  Sollas:  Free.  Address,  British  Associatioii,  Bradford,  190U. 
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I  have  always  thought  an  explanation  impossible,  but  accepting 
the  principle  of  isostacj,  the  whole  matter  appears  simple  and  the 
irregularities  such  as  would  necessarily  be  produced.  For,  regarding 
the  earth  as  a  body  that  will  respond  to  the  smallest  stress,  provided 
that  it  lasts  long  enough  to  make  itself  felt,  we  see  a  natural  cause 
for  constant  differential  movement  in  the  outer  layers  of  the  globe. 
Bock  is  carried  from  the  mountains  and  deposited  in  the  sea  as 
sediment,  ice  weighs  down  the  Poles,  and  even  the  waters  of  the 
ocean  in  the  ages  seem  to  heap  up  at  different  places  and  produce 
an  additional  weight  on  the  crust.  The  differential  movements 
caused  by  this  accommodation  to  varying  stresses  leads  to  the 
formation  of  folds  and  faults ;  and  while  these  are  developing,  some 
of  the  motion  is  translated  into  a  certain  amount  of  heat  l^is  has 
been  for  many  years  our  stock  explanation  of  the  origin  of  the  heat 
in  the  hot  springs  of  the  Colony,  which  occur  for  the  larger  part  in 
the  folded  mountain  ranges,  and  I  do  not  see  any  vital  impediment 
to  pushing  this  principle  somewhat  further  in  order  to  explain 
volcanic  action  as  the  result  of  earth-movements. 

In  my  recent  survey  of  the  Division  of  Willowmore  I  found 
evidence  of  large  movements  which  had  affected  the  rocks  near  the 
surface  of  the  ground.  The  movement  was  a  tearing  one  in  two 
directions,  north  and  south,  and  east  and  west,  and  followed  certain 
lines  which  were  separated  by  a  considerable  distance;  where  the 
two  sets  crossed  each  other  some  very  wonderful  effects  were  pro- 
duced, the  most  remarkable  being  the  brecciation  of  enormous 
masses  of  quartzite  belonging  to  the  Table  Mountain  Series.  In 
one  instance,  at  Land  Eraal,  in  Baviaan*s  Kloof,  there  was  in  sight 
a  mass  of  this  crush-breccia  a  cubic  mile  in  extent,  but  how  much 
more  of  it  was  underground  it  was  impossible  to  estimate.  The 
rock  was  in  places  coarsely  brecciated,  in  others  ground  to  fine 
rock-powder  like  pounded  glass;  it  was  either  quite  loose  and 
friable,  or  cemented  together  with  silica  or  iron  compounds.^  One 
cubic  inch  of  such  a  rock  in  the  fresh  state  requires  a  load  of 
twenty  tons  to  crush  it  up,  but  I  am  utterly  unable  to  form  an  idea 
of  the  force  requisite  to  crush  up  even  the  amount  that  one  could  see 
and  measure  at  Land  Eraal ;  it  must  have  been  stupendous.  This 
case  is  very  much  more  wondeiful  than  any  amount  of  contortion, 
because  the  latter  is  aided  by  solution,  and  a  very  moderate  tem- 
perature and  pressure  will  suffice  to  bend  up  the  most  resistant 
rock,  provided  that  it  is  allowed  to  remain  under  their  influence 
for  a  sufficient  length  of  time.  Had  this  enormous  force  been 
concentrated  over  a  less  extensive  area,  and  had  the  rock  contained 
a  flux  or  been  composed  of  a  less  resistant  material  than  quartzite, 
there  is  little  doubt  that  the  brecciation  would  have  been  converted 
into  fusion  and  a  volcano  would  have  been  formed.  The  distribution 
of  the  volcanoes,  too,  under  this  mode  of  origin  would  have  closely 
imitated  that  whioh  we   find  in  some  actual  volcanic  areas,  the 

^  These  crash-breccias  will  be  described  in  the  forthcoming  Annual  Report  of  the 
Geological  Commission,  Cape  Town,  1904. 
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Gh&lapagos  Islands  for  instanoe,  in  whioh  the  prinoipal  craters  lie  on 
points  where  two  sets  of  fissures  cross  each  other.^ 

The  idea  that  lavas  are  remelted  portions  of  the  crust  is  an  old 
one,'  bat  seems  to  have  been  abandoned  for  the  assumption  that 
volcanoes  bring  up  to  the  surface  material  that  has  never  been 
there  before,  or  at  any  rate  since  the  crust  became  solid.  A  re- 
discussion  of  the  whole  of  the  phenomena  of  volcanoes  on  the 
principles  of  isostacy  seems  urgently  called  for,  if  only  to  settle 
the  following  questions :— (1)  Why  do  not  volcanoes  bring  up  the 
heavy  metals  from  the  interior?  (2)  Why  is  the  temperature 
increase  measured  in  stable  areas  like  the  Witwatersrand,  which 
would  seem  to  indicate  the  normal  increase,  enormously  exceeded 
in  some  areas,  if  these  are  not  heated  up  by  differential  movements 
of  the  crust  ?  (3)  Why  cannot  a  force  that  is  sufficient  to  crumble 
up  a  resistant,  infusible  rock  like  quartzite,  melt  one  which  is  fusible 
and  produce  a  volcano  ? 

The  bearing  of  these  speculations  on  the  question  of  hot  springs 
is  to  endeavour  to  show  that  there  is  some  reason  for  the  explanation 
that  I  have  been  giving  for  the  origin  of  their  heat ;  for  if  it  be 
found  that  volcanoes  do  not  get  their  material  from  the  primordial 
magma,  then  the  question  of  original  water  will  be  ruled  out 
What  water  the  lavas  do  contain  will  on  this  hypothesis  be  simply 
that  which  was  once  held  up  in  its  interstices  when  solid,  with  the 
addition  of  any  that  the  breaking  of  the  rocks  may  bring  them  into 
communication  with. 

In  this  connection  it  is  interesting  to  notice  what  very  large 
underground  conduits  must  exist  which  discharge  their  waters  in 
the  bottom  of  the  sea.  We  have  very  few  large  springs  in  the 
Colony,  the  largest  being  that  at  Uitenhage;  there  are,  however, 
large  tracts  of  country  similarly  situated  in  respect  to  their  geology, 
superficial  area,  and  rainfall,  whioh  do  not  contain  anything  like 
so  large  an  output  of  spring-water.  Boreholes  also  are  continually 
tapping  large  sources  of  water  without  lessening  the  flow  of 
neighbouring  springs,  and  it  seems  certain,  though  difficult  of  perfect 
demonstration,  that  a  large  part  of  the  water  that  sinks  underground 
does  find  an  outlet  in  the  bottom  of  the  sea.  On  the  coast  we  have 
several  fountains  that  emerge  below  high-water  mark ;  for  instance, 
all  along  the  sandy  coast  east  of  Cape  Agulhas.  An  inverse  case 
occurs  also  at  Eastbourne  in  England,  where  an  increased  pumping 
from  wells  situated  a  mile  from  the  sea  brought  the  salt-water 
soaking  through  the  greensand.'  In  the  Colony,  however,  we  do 
not  have  to  deal  with  porous  rooks;  all  underground  seepage, 
outside  the  infinitesimally  slow  one  through  the  substance  of  the 
rock,  takes  place  through  fissures.    Conceive  now  a  system  of 

*  See  C.  Darwin,  "  Observatioiis  on  Volcanic  Islands,"  in  **  Geological  Obserra- 
tions,"  1851,  p.  116  ;  and  also  "  More  Letters  of  C.  Darwin,"  1903,  vol.  ii,  p.  143. 

«  C.  E.  Dutton:  "  High  Plateaus  of  Utah,''  1880,  p.  126. 

'  It  would  be  interesting  to  know  in  this  connection  whether  increased  pumping 
from  the  boreholee  that  were  put  down  in  granite  near  the  sea  along  the  Swedish 
coast  would  bring  the  salt  water  through  the  crevices.  See  C.  R.  Markham :  Oeogr. 
Joum.,  vol.  X  (1897),  p.  465. 
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^Bsores  tbrongh  which,  on  the  one  hand,  the  underground  water 
of  a  continent  passed  downwards;  and  on  the  other,  a  system 
beneath  the  sea  connecting  with  the  first,  in  which  at  one  time 
fresh  water,  at  another  salt  water,  infiltrated,  according  to  the  mutnal 
pressure  exerted  by  each.  Then  imagine  a  differential  movement 
in  the  crust :  the  land  fissures  would  be  disconnected,  and  the  sea- 
water  would  press  downwards  along  the  established  lines  of  flow 
until  stopped  oy  the  rock  in  the  zone  of  the  movement  which  had 
become  melted  by  pressure  and  friction.  This  crude  explanation 
would  account  for  the  water  in  lavas,  and  for  their  occasional  high 
content  in  sodium-chloride,  that  is  to  say,  each  volcanic  line  in 
which  the  rock  was  melted  up  by  earth-movements,  if  near  the 
flea,  would  be  enclosed  on  either  side  by  a  system  of  fissures  which 
had  long  been  the  conduits  for  considerable  bodies  of  water,  on  the 
one  side  sending  down  fresh,  on  the  other  salt  water.  One  would 
think  that  if  this  was  actually  the  case,  the  water  once  reaching  the 
molten  rock  would  be  instantly  returned  along  the  way  it  came 
in  the  form  of  superheated  steam.  But  underground  fissures  are 
intricate ;  they  wind  upwards  and  downwards,  and  the  water  usually 
percolates  by  a  system  of  syphons  which  will  work  one  way  but 
not  the  other.  Capillarity  also  comes  into  play,  and,  as  Daubr6e  has 
flhown,^  this  works  only  one  way,  namely,  towards  the  hotter  portion 
of  the  rock  that  contains  the  capillary  interstices.  Thus  we  have 
the  water  forced  into  the  zone  of  molten  material,  and  what  little 
oan  escape  does  so  in  the  form  of  hot  springs. 

The  final  result  of  this  line  of  reasoning  is  that  the  water  that 
was  pressed  into  the  molten  surface  of  the  globe  by  an  atmosphere 
oonsisting  of  the  whole  of  the  present  hydrosphere  is  still  there, 
and  cannot  escape,  because,  apart  from  the  still  doubtful  occlusion 
of  the  water,  this  primordial  magma  is  so  covered  with  later  deposits 
that  it  never  has  an  opportunity  of  coming  to  the  surface  and  cooling 
itself  sufficiently  to  allow  the  water- vapour  to  escape.  We  must  look 
to  the  veins  of  quartz,  filled  with  the  heavy  metals  like  gold,  for  the 
evidences  of  the  very  slight  extravasation  of  this  primordial  water 
in  bygone  ages,  and  we  must  suppose  that  deep  beneath  the  surface, 
far  below  the  zone  from  which  the  volcanoes  derive  their  material, 
such  extravasation  is  now  going  on,  but  that  it  can  never  be  felt  at 
the  present  surface  of  the  globe.  The  gold-bearing  hot  springs  of 
Nevada  may  be  regarded  either  as  an  exceptional  case  of  the 
primordial  water  having  come  into  connection  with  the  surface 
system  of  water  supply,  or,  what  is  more  probable,  that  the  hot 
springs  traverse  a  mineralized  area  in  which  the  precious  metal 
had  already  been  deposited,  and  from  which  the  water  has  leached 
out  its  unaccustomed  burden.  The  reason  for  considering  the  latter 
the  more  probable  is  that  it  seems  to  me  that  if  the  water  is  the 
primordial  vapour  condensed,  the  heat  at  which  it  exists  in  the 
interior  is  a  function  of  the  depth,  and  by  coming  to  the  surface  it 
would  pass  through  layers  each  of  which  would  be  heated  according 
to  its  depth ;  the  water  would  therefore  arrive  above  ground  at  the 

*  "  Geologic  Exp^mentale,"  1879,  p.  268. 
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temperatare  of  the  sorfaoe-rooks,  and  not  in  a  heated  condition  at 
all ;  bat  if  it  is  water  that  has  soaked  in  originally  from  the  surface, 
and  has  got  into  the  neighbonrhood  of  deep  displacements  of  the 
rock-crusty  then  we  have  a  source  of  energy  that  is  capable  of  being 
dissipated  to  draw  upon  for  our  supply  of  heat,  and  hydrostatic 
pressure  to  bring  it  back  to  the  surface.  We  have  not  been  forgetful 
of  the  presence  of  radium  in  the  waters  and  deposits  from  hot  springs, 
but  as  yet  there  are  no  results  to  communicate  from  South  Africa. 

lY. — ^NOTSS    FROM   THK    GsOLOQIOAX    LaBOBATOBT    OF    BlBMINGHAH 

UirmEBSiTY.    On  ▲  Conybnibnt  and  Simple  Method  of  making 
GsoLOGiOAL  Models. 

By  T.  Stacby  Wilson,  M.D.,  B.Sc,  F.G.S. 

MANY  ingenious  methods  and  materials  have  been  used  for  the 
making  of  geological  models,  to  show  the  internal  structure 
and  outcrop  of  a  stratified  sequence,  to  furnish  maps  and  lines  of 
section,  and  to  indicate  the  direction  and  effects  of  faults. 

Such  materials  and  methods  as  those  of  Mr.  Sopwith,  while  most 
instructive  and  interesting,  are  powerless  to  deal  with  problems 
of  curved  strata,  and  no  material  has  yet  been  found  by  which 
satisfactory  stratigraphical  models  can  be  made  of  folded  districts. 
Such  a  material  must  have  several  properties : — 

1.  It  must  be  easily  made  into  large  plastic  sheets  of  even 
thickness  and  of  distinguishable  colour. 

2.  It  must  bend  readily  and  adapt  itself  sweetly  to  any  surface 
to  which  it  may  be  applied. 

8.  Successive  layers  must  adhere  together  fairly  quickly  and 
quite  firmly. 

4.  The  material  should  set  into  a  rigid  but  not  brittle  mass  in 
the  end,  and  yet  not  be  too  hard,  so  that  it  can  be  carved  readily, 
or  if  necessary  moulded  into  any  required  shape. 

5.  It  would  be  an  advantage  if  it  was  cheap. 

Casting  about  for  such  a  substance  I  have  found  one  which 
satisfies  a  good  many  of  these  requirements.  Not  only  does  it 
allow  of  the  building  up  of  models  out  of  definite  stratigraphical 
elements  in  exact  imitation  of  the  natural  geological  structure,  but 
it  may  possibly  be  of  use  in  solving  certain  obscure  structural 
problems.  It  is  also  likely  to  be  of  considerable  use  to  teachers 
and  students,  as  models  can  be  built  up  by  or  before  a  class,  and 
it  may  even  have  some  applications  outside  geology  itself. 

The  material  used  is  felt  of  various  colours,  steeped  in  melted 
paraffin  wax  that  has  a  melting-point  of  about  1 10^  F. 

The  solid  paraffin  is  melted  slowly  over  a  spirit-lamp  or,  better, 
in  a  jacketed  saucepan  or  water-bath.  Layers  of  felt  are  soaked  in 
the  melted  paraffin  and  then  squeezed  fairly  dry.  The  low  melting- 
point  allows  of  this  being  done  by  hand.  Layers  of  coloured  cloth 
may  be  used  for  thinner  beds. 

The  layers  are  then  superposed  one  on  another  to  the  desired 
thickness.  They  adhere  together,  and  the  composite  mass  may  be^ 
cut  with  a  knife  to  any  shape  required.    The  best  tools  for  further 
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Bhaping  are  goages  and  ohisels,  and  for  the  smaller  work  a  sharp 
penknife,  the  material  having  the  oonsistenoy  of  rather  hard  cheese. 

On  account  of  the  ease  with  which  the  waxed  felt  can  be  cut 
the  surface  of  a  model  can  be  carved  into  a  much  better  representation 
of  the  relief  of  a  country  than  is  the  case  with  wood  or  other 
materials,  and  outcrops  can  be  rendered  in  a  much  less  conventional 
manner  than  hitherto. 

Faulting  can  be  shown  by  cutting  the  model  clean  through  along 
any  given  line  and  joining  the  severed  edges  together  after  heating 
them  slightly  ;  they  reunite  with  the  utmost  ease  into  a  solid  block, 
which  can  be  carved  into  shape  as  before. 

Folding  may  be  produced  in  two  ways.  Either  the  complete 
thickness  of  several  layers  may  be  kept  warm  and  bent  as  a  whole 
into  the  desired  shape ;  or  else,  and  this  is  always  necessary  when 
complicated  folding  has  to  be  rendered,  a  basal  model  of  the  fold 
types  may  be  carved  in  wood  or  cast  in  plaster,  and  the  waxed  felt 
laid  on  it  and  fitted  in  layer  by  layer.  The  surface  is,  of  course, 
worked  up  afterwards  with  the  knife  or  gouge. 

Obviously  the  faults  of  folds  and  faults,  unconformity,  and 
thrusting  can  be  readily  dealt  with  on  the  same  lines. 

A  modification  of  the  method  must  be  employed  in  cases  where 
it  is  important  to  deal  with  beds  of  varying  thickness  or  those  which 
thin  out  altogether.  This  method  is  also  of  great  use  in  treating 
a  complicated  country  such  as  that  to  be  immediately  referred  to. 
For  this  purpose  wool-clippings  from  a  carpet  factory,  or  ordinary 
felt  scraps  cut  up  and  teased  out,  are  folded  in  muslin,  soaked  in 
melted  paraffin,  squeezed  out,  and  then  spread  out  into  a  layer  of 
the  requisite  thickness,  pins  having  been  previously  diiven  into  the 
base  on  which  one  is  working,  of  a  height  corresponding  to  the 
thickness  of  the  stratum.     Sculpture  is  carried  out  as  before. 

In  order  to  show  the  application  of  this  process  to  the  modelling 
of  a  particular  district  it  will  be  most  convenient  to  describe  the 
actual  making  of  a  model  which  I  made  in  1901  to  illustrate 
a  paper  on  the  Harlech  district  by  Professor  Lapworth  and  myself, 
read  before  the  Geological  Section  of  the  Birmingham  Natural 
History  and  Philosophical  Society,  March  28th,  1900. 

1.  The  lowest  bed  on  the  series  dealt  with  was  taken  as  the 
floor  of  the  district,  and  the  depth  of  its  base  below  a  convenient 
plane  or  base-level  (parallel  to  the  sea-level)  was  calculated  at 
a  sufficient  number  of  points  in  the  map  to  permit  of  the  drawing 
of  contour-lines  on  the  bed  so  as  to  give  the  general  character  of 
the  folding  and  faulting. 

2.  A  vertical  scale  was  chosen  and  contour-lines  showing  a  depth 
o^  if  h  i  ^^ch,  etc.,  below  base-level  were  drawn  on  the  surface  of 
a  block  of  wood. 

3.  This  surface  being  taken  as  the  base-level,  holes  were  bored  vrith 
a  bradawl  along  the  contour-lines  to  depths  of  ^,  i,  i  inch  and  so  on. 

4.  With  a  gouge  and  chisel  the  surface  of  the  block  was  now  cut 
down  to  the  bottom  of  the  holes,  as  is  done  by  a  sculptor  in  roughing 
out  his  marble. 
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Thos  a  model  of  the  floor  of  the  distriot  is  obtained  with  the^ 
gentle  rise  and  fall  of  its  folds  and  the  abrupt  drop  of  its  faults. 

It  is  quite  evident  that  a  similar  base  might  be  built  up  with 
oardboard  or  wax  sheets,  or  modelled  in  olay,  or  oast  in  plaster, 
or  obtained  in  a  less  laborious  way  than  the  carving  of  a  wood 
block.    The  only  essentials  are  rigidity  and  accuracy. 

5.  On  this  carved  surface  the  successive  geological  formations- 
were  built  up  to  scale  by  means  of  layers  of  differently  coloured 
paraffin  wax  or  waxed  felt  of  the  proper  thickness. 

6.  In  order  to  ensure  the  first  layer  being  of  the  proper  thickness* 
the  following  method  is  employed.  Fins  with  small  head» 
(entomologicid  pins)  a  little  longer  than  the  thickness  of  the 
stratum  (or  cut  to  the  requisite  length)  were  driven  in  all  over 
the  wooden  base.  A  convenient  way  of  securing  the  right  height 
was  to  take  a  strong  metal  pencil-case,  remove  the  lead,  and  draw 
back  the  stop  till  Uie  lead  chamber  was  just  the  required  depth. 
On  inserting  the  pins'  heads  into  the  lead  chamber  the  pencil-case 
was  used  to  drive  the  pins  in  exactly  the  right  distance  with  the 
minimum  expenditure  of  time  and  trouble. 

7.  The  wood  is  next  thoroughly  wetted  to  prevent  the  paraffin 
stickine  to  it,  or  it  may  be  covered  with  wet  tissue  paper,  and 
the  coloured  wax  is  spread  over  the  model  to  the  level  of  the^ 
pin  heads.  Small  strips  of  wet  stiff  paper  or  pieces  of  tin  should 
be  inserted  along  the  fault  planes  so  as  to  give  sharpness  to  the^ 
edges  of  the  strata  there. 

8.  As  soon  as  the  first  layer  sets  the  pins  are  removed  and  more 
pins  inserted  in  the  same  way  to  give  the  thickness  of  the  next 
stratum  of  coloured  wax.  To  strengthen  the  model  some  of  the 
layers  should  be  put  on  with  waxed  cloth  or  felt  in  sheets,  but 
this,  though  desirable,  is  not  absolutely  necessary. 

9.  Where  a  bed  crops  out  on  the  surface  the  coloured  wax  ia 
carried  a  little  beyond  the  area  occupied  by  the  bed,  as  shown  on 
the  geological  map. 

10.  When  all  the  layers  have  been  put  on  and  have  set  fairly  firm 
the  surface  is  modelled  with  the  gouge  and  penknife  so  as  to- 
show  the  hills  and  valleys.  If  this  could  be  done  quite  accurately, 
and  if  the  structure  and  thicknesses  were  quite  correctly  rendered, 
it  is  evident  that  the  surface  of  the  model  should  exactly 
correspond  with  the  country.  In  practice,  however,  both  the  known 
contour  of  the  country  and  the  known  outcrops  of  the  beds  are 
utilised  for  making  the  surface  of  the  model  approximately  accurate. 

Before  beginning  the  modelling  of  the  base  of  a  country  it  is 
best  to  indicate  by  long  pins  the  position  of  the  chief  landmarks 
in  the  area  dealt  with.  These  can  be  maintained  in  position  as 
guides  throughout  the  whole  process,  and  removed  when  the  model 
is  finished. 

Slight  modifications  of  this  process  which  might  easily  be  devised 
will  obviously  render,  it  applicable  to  problems  related  to  intrusive 
and  volcanic  rocks. 
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y. — ^Ths  AysBAaB  Composition  or  thx  Igneous  Books.^ 

By  F.  P.  Mbmnbll,  F.G.8.,  Curator  of  ike  Rhodesia  Miueaiii,  Bulawayo. 

fllHE  average  oomposition  of  the  igneous  rooks  is  a  point  of 
X  oonsiderable  interest  in  its  relation  to  the  problem  of  their 
differentiation,  and  several  attempts  have  been  made  to  solve  it  by 
the  collation  of  analyses.  Thus,  Mr.  Clarke  estimated  the  American 
rooks  to  average  59*77  per  oent.  of  silica  (which  may  be  taken  as 
representative),  and  Mr.  Barker  came  to  very  similar  conclusions 
as  regards  the  British  rocks,  obtaining  58*46  as  his  figure.  The 
process  followed  was  to  add  up  the  results  of  all  the  obtainable 
analyses  and  take  their  mean.  If  each  class  of  rock  analysed 
occupied  the  same  average  amount  of  space — if,  for  example,  the 
basic  intrusions  were  approximately  equal  in  bulk  to  the  add  ones — 
such  a  process  would  give  results  of  oonsiderable  value.  As  it  is, 
however,  veiy  little  consideration  will  show  that  unless  due  weight 
is  attached  to  the  relative  abundance  of  the  different  classes,  the 
results  will  be  veiy  far  removed  from  the  truth.  Even  in  Britain, 
where  the  development  of  igneous  rocks  is  comparatively  insignificant 
compared  to  the  sedimentary  ones,  there  are  quite  enough  exposures 
of  the  different  types  to  demonstrate  this  fact  If  a  geologically 
coloured  map  be  examined,  and  the  nature  of  the  various  patches 
of  igneous  rock  be  enquired  into,  the  immense  preponderance  of 
granite  becomes  obvious,  even  though  the  basaltic  lavas  make 
a  great  show  on  account  of  their  horizontal  extension.  In  fact,  the 
Duimoor  granite  mass,  if  it  be  assumed  to  extend  to  a  depth  of  only 
one  mile,  would  probably  suffice  to  weigh  down  the  scale  against  aU 
the  other  non-granitic  igneous  rocks  combined.  Yet,  on  the  method 
indicated  above,  the  smallest  dyke  would  be  of  something  approaching 
equal  account,  even  if  a  number  of  analyses  of  the  Dartmoor  rock 
were  included. 

In  other  parts  of  the  world  where  igneous  rocks  are  far  more 
largely  developed  than  in  England,  the  predominance  of  granites 
is  even  more  striking.  In  Africa  and  Australia  there  are  many 
single  granite  masses  which  are  exposed  at  the  surface  over  areas 
of  not  only  hundreds  but  thousands  of  square  miles.  The  Matopo 
granite  mass  of  Bhodesia,  forming  the  hills  now  famous  as  the 
burial-place  of  Mr.  Bhodes,  covers  a  horseshoe-shaped  tract  of 
country  certainly  not  less  than  5,000  square  miles  in  extent ;  in  &ot, 
it  may  be  two  or  three  times  as  much,  as  only  its  northern  and 
north-eastern  limits  are  yet  known  with  certainty.  And  this  is 
only  one  of  many ;  in  fact,  out  of  the  250,000  square  miles  covered 
by  Southern  Bhodesia  and  the  adjacent  territories,  it  is  certainly 
safe  to  say  that  100,000  are  granite,  while  there  is  scarcely  any 
other  class  of  igneous  rock  with  even  a  single  outcrop  large  enough 
to  be  visible  if  inserted  in  its  true  proportions  on  an  ordinary  map. 

The  district  immediately  surrounding  Bulawayo  mav  be  taken  as 
representative.  I  have  mapped,  in  the  course  of  nearly  two  years' 
work,  an  area  of  2,000  square  miles  with  as  near  an  approach  to 
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aoouracy  as  can  well  be  attained  with  the  present  imperfect  topo- 
graphical maps.  By  dividing  the  map  into  small  sqoares  an  estimate 
is  readily  made  of  the  areas  covered  by  the  different  rocks,  with  the 
following  result : — 

Square  miles. 
Sandstonee,  probably  Tertiary  (inclading  some  htva-flows)      ...         215 

Metamorphic  rocks  730 

Plutonic  Igneous  rocks      1,055 

2,000 
It  will  be  seen  that  the  plutonic  rocks  ontbalance  all  the  other  rocks 
put  together.  They  comprise  portions  of  four  masses,  of  whidi 
one  is  chiefly  syenite  (with  63  per  cent  of  silica)  covering  15  square 
miles.  The  others,  with  a  combined  area  of  1,040  square  miles, 
are  granite  with  a  silica  percentage  probably  averaging  about  70  per 
cent.  It  must  not  be  thought  that  basic  rocks  are  absent ;  they  are, 
on  the  contrary,  well  represented  by  numerous  dykes  of  dolerite  and 
basaltic  flows.  We  shall,  however,  be  making  a  generous  allowance 
for  them  if  we  suppose  there  are  1,000  dykes  a  mile  long  and  five 
feet  wide,  with  10  square  miles  of  basalt  20  feet  thick.  We  will 
further  suppose  that  these  rocks  contain  about  50  per  cent,  of  silica. 
There  are  a  few  intrusions  of  porphyrite  and  orfiiophyre,  but  they 
are  of  little  importance  and  may  be  reckoned  as  allowed  for  amongst 
the  dolerites. 

Now  let  us  see  what  results  these  figures  lead  to.  We  will 
assume  that  each  dyke  and  plutonic  mass  extends  vertically  to  sea- 
level,  that  is  to  say,  goes  down  about  a  mile.  (Bulawayo  stands 
at  an  elevation  of  4,500  feet  above  the  sea,  and  much  of  the  district 
is  higher.)     We  have  therefore  : — 

-StOj  Area,  Volume, 

69  miles.  Depth.  cubic  miles. 

1,040        ...        1  mile        ...        1,040 
16        ...        Imile        ...  15 


Rock. 

per  cer 

Granite 

...        70 

Syenite 

63 

Basalt 

60 

Dolerite 

60 

10        ...       20  feet 
nearly  1        ...        1  mile 


) 


Total        1,056 

Multiplying  each  silica  percentage  by  the  volume  of  the  respective 
rock,  adding  up  the  products  and  dividing  by  this  total  volume,  we 
obtain  an  average  of  69*88  for  the  whole.  Whatever  composition  is 
assigned  to  the  granites,  the  general  average  will,  in  fact,  approach  it 
within  a  few  parts  per  thousand.  We  thus  arrive  at  the  conclusion 
that  if  all  the  other  rocks  of  the  area  were  to  be  fused  into  the 
granite  masses  the  difference  they  would  make  would  be  quite 
imperceptible  lithologically,  and  scarcely  noticeable  in  a  chemical 
analysis.  Such  a  result  would,  I  believe,  hold  good  for  the  entire 
African  continent  and  certainly  for  the  whole  of  Ehodesia.  There 
is  nothing  to  indicate  that  a  different  conclusion  would  be  reached 
in  any  other  extensive  area  where  the  plutonic  rocks  are  adequately 
represented,  and  there  is  accordingly  reason  to  believe  that  granite 
substantially  represents  the  magma  from  which  even  the  most  basic 
rocks  have  been  developed  by  some  process  of  differentiation. 
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YI.--THE  Salt  Deposits  of  Dax  and  the  Pyrenees. 
By  P.  "W.  Sttabt-Mbnteath,  Assoc.  R.  S.  Mines. 

ON  the  rail  to  Biarritz  the  roots  of  the  Pyrenees  first  appear  at 
Dax,  and  are  acoompanied  by  those  ophites  and  thermal 
springs  whioh  are  special  features  of  the  entire  ohain.  Vast  deposits 
of  salt,  to  whose  first  development  I  contributed,  have  added  an 
important  industry  to  the  resouroes  of  this  ancient  capital  of  AqvuR 
Tarhelliea,  where  the  exact  harness  depicted  on  Eoman  medals 
is  still  characteristic  of  every  cart.  Beneath  the  existing  ditch  of 
the  Boman  fortifications  rock-salt  was  accidentally  discovered  by 
a  boring  for  mineral  water,  and  the  salt  is  now  worked  at  three 
miles  to  the  south-east,  and  is  indicated  by  springs  for  a  distance  of 
seven  miles.  The  deposit  is  known  to  be  about  100  feet  in  thickness, 
but  is  of  unknown  depth  beneath  the  existing  borings. 

Along  the  entire  outskirts  of  both  sides  of  the  Pyrenees  similar 
salt  deposits  abound,  and  they  are  often  similarly  accompanied  by 
igneous  rocks. 

The  salt  formation  of  Dax  is  distinctly  limited  by  the  valley  of  the 
Adonr,  which  here  ceases  to  wander  among  the  sands  of  the  plain, 
and  is  suddenly  and  sharply  diverted  along  a  tectonic  depression, 
running  towards  the  Pyrenees  in  a  south-west  direction.  Precisely 
parallel  to  this  course,  in  the  Cretaceous  and  Tertiary  rocks  of  the 
Pyrenees,  there  runs,  at  a  dozen  miles  to  the  north-west,  the  most 
remarkable  example  known  of  a  tectonic  valley  sunk  beneath  the 
ocean.  The  Gouf  de  Gapbreton,  sinking  with  steep  sides  to  over 
3,000  feet  beneath  the  even  bottom  of  the  Atlantic  skirt,  and 
affording  evidence  of  igneous  rocks  in  its  surroundings  and  in  the 
irregularities  of  its  floor,  is  a  perfect  analogue  of  the  neighbouring 
tectonic  portion  of  the  Adour.  One  is  disposed  to  attribute  the 
salt  deposits  of  the  Pyrenees  to  an  episode  in  the  past  history  of 
such  valleys,  whereby  they  were  upraised,  with  salt  lagoons  in 
their  irregular  hollows,  and  with  rapid  evaporation  of  the  brine 
by  -volcanoes  such  as  accompany  salt  lakes  of  Eastern  Africa.  The 
disposition  of  Pyrenean  salt  accords  fairly  with  such  a  theory ;  but 
matters  of  engineering  importance  are  not  usually  decided  by  any 
royal  road  of  first  impressions,  however  plausible  or  fascinating. 

Still  more  important  than  the  salt  of  Dax  are  those  thermal  springs 
which,  along  ten  miles  of  the  tectonic  valley  of  the  Adour,  form 
a  western  limit  to  the  salt  by  an  emanation  of  over  5,000  tons  daily  of 
mineral  water  at  a  temperature  of  14:7°  Fahrenheit.  This  water,  by 
impregnating  the  mud  of  the  Adour,  excites  a  growth  of  eonfervcB^ 
diatoms,  and  other  organisms,  that  may  develop  to  even  hidf  the 
weight  of  the  whole  material.  They  transform  the  complex  mass, 
with  production  of  nascent  oxygen  from  the  carbonic  acid  that 
accompanies  the  abundant  nitrogen  which  bubbles  from  the  springs. 
Such  actions,  as  explained  by  Bischof,  doubtless  originate  the  powerful 
therapeutic  action  of  the  Dax  mud  baths.  One  may  attribute  to  such 
mud  the  variegated  marls  which  accompany  the  salt  deposits  and 
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which  olosely  resemble  those  of  the  Trias  formation.  A  dassioal* 
investigation  of  the  Iceland  springs,  by  Bunsen,  proves  that  such 
variegated  marls  are  in  active  prodaotion  beside  volcanic  rocks  at 
the  present  day.  And  beside  the  Baignots  establishment  at  Dax 
a  limestone  containing  fossils  of  the  Upper  Chalk  is  transformed  to 
dolomite  and  traver^d  by  the  hot  springs.  But  although  the 
aprings  can  famish  by  their  constituents  and  effects  a  satisfsustoiy 
explanation  of  both  the  salt  and  all  its  accompaniments  of  Triassic 
facies^  it  would  be  rash  to  ignore  the  splendid  investigations  of 
Ochsenius  on  the  relations  of  sea- water  to  salt  deposits  ^roughout 
the  world.  Wherever  and  whenever  I  have  heard  the  Triassio 
theory  of  Pyrenean  salt  expounded  by  its  foremost  representatives, 
they  have  ignored  such  helpful  assistance.  It  is  therefore  useless 
to  urge  their  attention  to  the  fact  that  either  the  origin  from  springs 
or  the  origin  from  sea-water  can  equally  be  advanced  as  alternatives 
to  the  arbitrary  assumption  of  wedges  of  Trias  introduced  by 
paradoxical  contortions  that  are  demonstrably  absent  in  many  oases 
with  which  they  deal. 

The  thermal  springs  of  the  Pyrenees  were  long  since  analysed 
by  Filhol,  and  their  accompanying  rocks  patiently  interpreted  by 
Leymerie.  These  eminent  observers,  in  1866,  showed  me  a  car- 
bonaceous metorite  whose  fall  was  witnessed,  and  whose  fragments 
are  preserved  in  the  Museum  of  Toulouse.  They  furnished  me  with 
specimens  of  its  material,  and  assured  me  that  a  portion  of  its 
substance  had  yielded  the  formula  of  hwnuB.  Filbol  explicitly 
remarked  to  roe  that  it  apparently  carried  vestiges  of  the  life  of  the 
original  body  to  which  it  belonged.  I  had  previously  suggested 
to  fellow-students  the  convenient  theory  of  meteoric  origin  for  every 
residual  difficulty  of  geology  in  generaL  Personally  invented  theories 
are  thus  often  crystallized  by  a  fascinatingly  confirmatory  apparent 
fact  The  practical  geologist  notes  and  discards  such  suggestions 
in  every  excursion.  Of  course,  it  was  practically  impossible  to 
ascertain  whether  the  organic  matter  was  originally  present  or  was 
introduced  in  the  hot  meteorite  from  the  soil  into  which  it  penetrated 
deeply  when  it  fell. 

I  have  found  the  main  problems  of  the  Pyrenees  to  be  con- 
veniently represented  at  Pax.  The  abundant  fossils  of  the  Tertiary 
plain  here  meet  the  similarly  abundant  fossils  of  the  outermost 
Cretaceous,  so  that  the  relative  dispositions  are  defined  by  independent 
evidence  of  every  kind.  Desiring  to  leave  something  for  later 
observers,  I  would  nevertheless  remark  that  the  problems  are  even 
here  less  easily  and  rapidly  solvable  than  recent  innovators  have 
found  them  to  be  at  points  where  none  of  the  means  of  solution 
available  at  Dax  have  troubled  the  even  course  of  their  decisions. 

Hitherto  the  entire  work  of  the  observers  most  familiar  with  the 
Dax  district  has  shown  that  the  apparently  Triassic  marls  and  salt 
are  independent  of  any  special  horizon  of  the  Cretaceous  fundamental 
rocks,  and  it  has  proved  equally  impossible  to  identify  them  with 
any  special  horizon  of  the  Tertiary.  It  is  only  certain  that  they 
olosely  accompany  the  igneous  ophites  (diabase  or  dolerite),  and  that 
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they  are  arranged  on  lines  that  exhibit  remarkable  independenoe- 
towards  the  general  disposition  of  the  visible  rooks.  The  salt 
deposits  of  the  neighbonnng  portion  of  the  Pyrenees  exhibit  a  similar 
independenoe,  and  the  latest  theory — that  they  are  shovelled  from  the^ 
mountains  by  vast  processes  of  superficial  c&ama^e^is  a  recognition 
of  the  general  result  of  observation  thus  admitted.  It  coincides- 
practically  with  the  view  of  Dufrenoy,  of  anomalous  and  eruptive* 
origin,  for  which  I  have  long  vainly  claimed  respect. 

fiut  in  the  treatment  of  sidt  deposits  it  is  impracticable  to  rely  oi^ 
those  details  of  arrangement  which  are  regularly  advanced  as  con- 
clusive by  representatives  of  the  new  theoreticid  geology.  Every 
mining  engineer  is  aware  that  salt  is  practically  plastic  and  is  in 
nearly  every  salt-mine  subject  to  contortion  by  hydration  of 
anhydrite  as  well  as  by  squeezing.     In  such  recognition  of  ex- 

Krience  the  observations  of  practic^  engineers,  such  as  Crouzet  and 
\  Freycinet,  are  valuable  at  Dax,  while  much  other  evidence  is 
obviously  out  of  court.  The  doctrine  that  the  upper  gypsum  of 
a  salt-mine  must  be  due  to  a  different  sea,  and  therefore  to  a  different 
formation,  because  sea- water  deposits  gypsum  first  and  salt  last 
when  boiled  down  in  a  pot,  was  gravely  expounded  at  Cardona  by 
a  foremost  creator  of  the  eharriage  theory  in  the  Pyrenees  and  else- 
where ;  but  such  views  merely  exhibit  ignorance  of  the  elements  of 
the  problem  as  revealed  by  Bisohof,  Bunsen,  Ochsenius,  etc.  Crouzet 
and  De  Freycinet  plausibly  argued  that  the  salt  was  bedded  between 
horizons  about  the  junction  of  the  Cretaceous  and  Tertiary  as  known 
in  their  day.  Subsequent  observation  tends  to  prove  that  it  frequently 
fills  hollows  on  the  surface  of  the  Cretaceous  and  beneath  the 
Tertiary,  the  latter  being  of  any  age  from  the  Lower  Eocene  to  the 
Upper  Miocene,  and  probably  even  to  Becent,  according  to  the  local 
oircumstances  of  its  deposition  above  the  salt.  Of  course,  no  practical 
geologist  would  affirm  that  Triassic  salt  may  not  also  exist.  I  have^ 
found  it  existing  as  the  cause  of  salt  springs  at  Camou,  Arrigorriaga, 
and  other  places.  But  the  actual  Trias  of  the  Pyrenees  is  singularly 
nnsuited  to  the  purposes  of  the  theorist,  and  he  consequently  com- 
pares the  Pyrenean  beds  he  would  class  as  such  to  that  of  Qermany 
and  Lorraine.  Yet  in  these  last  neither  bipyramidal  quartz,  nor 
arragonite,  nor  oligist,  nor  ophite  are  cited,  and  it  can  hardly  be* 
argued  that  gypsum  is  peculiar  to  any  special  formation. 

Such  being  the  general  situation  of  the  problem,  it  should  be  added 
that  the  best  exposed  and  most  clearly  related  salt  deposits  of  the 
Pyrenees  are,  along  the  whole  Spanish  slope,  decisively  of  Eocene^ 
or  Oligocene  age.  The  attempts  of  theorists  to  deny  this  at  Cardona 
are  conclusive  regarding  the  character  of  their  observations,  while 
at  every  point  they  have  treated  on  the  French  slope  they  have 
admittedly  urged  the  contrary  of  what  they  to-day  propound. 

The  main  difficulty  at  Dax  and  elsewhere  lies  in  the  thick  mantle  of 
marine,  fluviatile,  and  ssolian  sands  which  cover  the  surface  of  the^ 
plain,  and,  accumulating  to  even  hundreds  of  feet  in  thickness,  drowns 
Uie  ancient  valleys  and  extends  across  the  plateaux  of  the  Pyrenean 
roots.    These  sands  are  so  obviously  undistinguishable  in  detail,  and 
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fio  certainly  misleading  as  regards  their  age  at  special  points,  that  they 
have  been  selected  as  a  favourite  quarry  of  evidences  for  the  existence 
of  Pliocene  man.  In  the  Appendix  to  the  French  edition  of  Lyell's 
*^  Antiquity  of  Man  "  an  example  is  cited  from  Biarritz  as  clearly 
beneath  the  Pliocene  Sables  des  Landes.  In  thirty  pages  of  the  Bnl. 
Soc.  Ramond  of  1878,  together  with  a  section  of  unusual  detail,  I  proved 
that  the  remains  in  question  were  from  modem  peat,  and  later  than 
beds  which  have  since  supplied  me  with  a  tooth  of  Elephas  primigenius. 
At  both  Biarritz  and  throughout  the  Landes,  the  sand  classed  as 
Pliocene  is  separated  from  the  underlying  Tertiary  and  Glacial 
Diluvium  by  a  remarkable  Brick-day,  similar  to  that  of  Portobello, 
near  Edinburgh.  This  clay  is  described  as  strangely  anomalous 
in  position,  because  it  always  appears  to  overlie  the  Sables  des  Landes, 
for  the  simple  reason  that  it  does  overlie  them,  as  amply  proved  by 
local  observers.  At  Biarritz  it  caps  the  hill  beside  the  Negresse 
Station,  while  the  coarse  Glacial  Diluvium  lies  beneath  it  to  the 
margin  of  the  Negresse  lake.  Blown  sands  above  this  supposed 
Tertiary  have  furnished  the  human  remains  of  Biarritz  and  Dax, 
whose  real  age  is  consequently  indeterminate,  but  trifling.  My 
conclusions  were  stigmatized  as  lamentable,  but  my  facts  have 
remained  unquestioned,  and  the  Pliocene  man  in  question  is  regularly 
cited  like  his  colleague  of  the  Lisbon  Congress,  who  was  condemned 
as  spurious  both  at  Lisbon  and  at  Paris  by  the  judges  specially 
selected  to  report  upon  the  facts.  In  the  Bull.  Soc.  Geol.  of  1896 
I  have  further  dealt  with  the  Sables  des  Landes,  and  I  was  in 
agreement  on  the  point  with  the  regretted  Munier-Ohalmas.  Their 
Pleistocene  age  is  admitted  in  the  last  edition  of  De  Lapparent's 
treatise. 

For  further  details  I  must  refer  to  the  first  volume  of  the 
'*  Memoires  pour  servir  k  Texplioation  de  la  Carte  G6ologique  detailee 
de  la  France"  (1903),  published  by  the  Minist^re  des  Travaux  Publics, 
in  which  ample  references  to  my  original  papers,  and  a  tabulation 
of  the  fossils  of  the  Pyrenean  Trias  which  finally  rewarded  persistent 
search,  are  conveniently  arranged  for  every  scientific  library. 

In  the  first  place,  I  succeeded  in  finding  beside  the  salt-mines 
of  Villefrancbe  (near  Biarritz)  abundant  and  unsuspected  deposits 
of  the  fossils  previously  classed  as  Neocomian,  and  which  are 
now  admitted  to  represent  the  base  of  the  Upper  Cretaceous  of 
the  Pyrenees.  This  formation  further  supplied  me,  south  of  Irun, 
with  sixteen  species  of  Cephalopoda  of  the  Cretaceous  horizon  of 
Ammonites  inflatus,  comparable  to  that  of  Portugal,  and  in  the  middle 
of  rocks  mapped  as  Trias.  In  all  the  Western  Pyrenees  this  formation 
rests  unconformably  on  all  previous  rocks,  and  is  in  direct  contact 
with  the  Trias,  Jurassic,  etc.,  by  a  bitumen  or  lignite  horizon 
representing  an  ancient  land  or  coast  surface.  To  this  bituminous 
horizon  one  can  attribute  the  important  bitumen  of  Bastennes,  near 
Dax,  which  was  formerly  worked  by  an  English  company  to  supply 
the  earliest  Parisian  asphalt,  and  is  largely  described  in  Ure's 
Dictionary.  It  flowed  into  Tertiary  beds  in  the  neighbourhood 
of  an  ophitic  intrusion,  and  supplies  beautiful  moulds  of  the  Tertiary 
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fossils  in  blaok  asphalt,  in  great  abundance  beside  the  ruins  of  the 
old  workings  at  Bastennes.  At  Terois,  near  Dax,  the  same  horizon 
of  abundant  Greensand  fossils  forms  the  lowest  visible  beds  above^ 
the  Tariegated  marls  whioh  oontain  ophite,  salt,  and  gypsum.  But 
/ram  beneath  these  variegated  marls  there  outcrops,  at  Le  Hour, 
at  a  trifling  distance  to  the  south-west  of  the  salt-mine,  a  thick  band 
of  dolomitic  limestone  and  breccias,  alternating  with  beds  of  ash, 
and  pinched  between  extensive  outcrops  of  ophite.  This  limestone 
is  absolutely  identical  with  the  Muschelkalk,  which  I  have  found 
fossiliferous  from  St.  Michel  to  Ascain,  along  many  miles  of  the^ 
nearest  Pyrenees.  It  is  strangely  identical  with  the  most  typical 
Muschelkalk  of  the  Hartz,  it  presents  both  the  peculiar  dolomitic 
breccias  and  the  blue  and  green  Aeriniie  which  characterize  Triassic 
beds  accompanying  ophite  at  Oamarasa  in  Catalonia,  and  it  abounds 
in  moulds  of  Gastropods,  etc.,  such  as  peculiarly  characterize  the 
Muschelkalk  of  the  Pyrenees.  In  a  former  paper  I  denied  this 
identity,  because  the  most  characteristic  portions  of  the  rock  had 
been  hurgely  removed  by  quarrying;  but  having  found  them  by 
repeated  later  visits,  I  can  recognize  the  identity  in  both  character 
and  relative  situation  of  this  typical  Muschelkalk.  This  rock  was 
found  to  be  fossiliferous  by  Crouzet  and  De  Freycinet,  and  its  fossils^ 
olassed  as  Tertiary  ;  Baulin  and  others  classed  it  as  Cretaceous  ; 
Jacquot  compared  it  to  the  Muschelkalk  in  1888;  M.  Seunes 
declared  its  fossils  to  be  of  the  infra-Lias  in  1890.  As  both  at  Le  Hour, 
Ascain,  and  many  other  localities,  it  is  beneath  a  considerable  thick- 
ness of  Kenper  marls,  and  as  the  fossils  habitually  resemble  those  of 
the  Muschelkalk,  the  last-mentioned  determination  is  inadmissible 
and  misleading.  The  real  infra-Lias,  with  ^stheria  minuta,  fish 
spines,  and  other  remains,  I  have  found  at  Elduayen,  Villabona,  etc., 
and  it  is  different  in  appearance,  as  well  as  closely  connected  with 
the  Lias,  containing  Oryphaa  arcuata  at  Narvarte  in  the  Bastan. 

At  Dax  we  have  consequently  the  Trias  with  salt,  gypsum,  etc., 
rising  in  ridges  and  bosses  from  beneath  all  later  rocks,  and  these 
outcrops  are  occasioned  by  the  presence  of  igneous  intrusions  that 
have  given  rise  to  abundant  thermal  springs  charged  with  salt. 
ObviouiBly  this  machinery  can  transfer  the  salt  and  gypsum  to  any 
depressions  or  lagoons  formed  even  to  the  present  day,  and  we 
have  consequently  a  sheet  of  salt  and  gypsum  laid  down  in  the 
extensive  depression  whioh  borders  the  tectonic  valley  of  the  Adour. 
Thb  sheet  appears  to  date  from  the  latest  vicissitudes  of  the  district, 
and  certainly  from  later  than  the  last  upheaval  of  the  Pyrenees. 
'Wherever  we  find  similar  machinery  of  Triassic  bosses  below, 
igneous  intrusions  breaking  and  dislocating  that  Trias,  springs  con- 
Teying  its  contents  to  the  surface,  and  tectonic  irregularities  and 
barriers  occasioned  by  the  movements  of  the  Pyrenees,  we  may 
naturally  find  salt  deposits  of  any  age  later  than  the  Trias.  The 
detection  of  their  presence,  and  the  estimation  of  their  depth  and 
extent,  is  a  problem  special  to  each  particular  district,  and  depending 
on  the  entire  geological  history  whioh  can  be  worked  out  on  the  spot. 

The  vast  sheets  of  gypsum  and  salt  that  extend  from  Olot  ta 
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Logrono  along  the  Spanish  side  of  the  Pyrenees  are  clearly  deposited 
from  evaporated  lagoons  formed  during  the  uprise  of  the  chain 
in  Tertiary  times.  The  salt  deposits  of  the  French  Pyrenees  are 
of  a  more  local  and  varied  character.  There  is  a  general  contrast 
between  the  two  series  which  reflects  the  general  contrast  between 
other  featares  of  the  two  slopes.  In  the  salt  deposits  of  the  Pyrenees 
one  finds  every  variety  of  lagunar  character  on  the  Spanish  side, 
and  every  variety  of  tectonic  and  local  character  on  the  French  side. 
Among  the  French  deposits  one  may  trace  actual  craters  of  explosion 
-filled  with  salt,  old  valleys  filled  with  spring  deposits,  and  small 
accidental  hollows  that  have  preserved  patches  of  salt  water  in 
rising  from  the  sea.  Sunk  valleys,  like  the  Qouf  de  Capbreton, 
have  naturally  preserved  sunk  deposits,  when  buried  beneath 
Tertiary  accumulations ;  and  the  ancient  surfaces  of  the  Oretaceous 
formation  and  of  the  Oligocene  land  are  naturally  marked  by  such 
vestiges  of  their  irregular  uprise  from  the  sea— especially  where 
the  innumerable  igneous  bosses,  that  have  visibly  traversed  the 
Upper  Cretaceous  of  the  Pyrenees,  have  roughened  the  surface  and 
given  rise  to  later  fracture  and  irregular  denudation.  As  salt  and 
gypsum  can  only  resist  solution  under  peculiarly  favourable  circum- 
stances, it  is  oertain  that  such  solution  must  have  produced  extensive 
dislocation.  In  the  mountains  of  Persia  and  South  America,  gypsum 
is  over  1,000  feet  in  thickness  across  distances  of  over  50  miles. 
No  borings  have  yet  fathomed  the  salt  and  gypsum  of  the  Pyrenees, 
although  1,082  feet  has  been  reached  at  Salies  du  Salat  without  signs 
of  change.  Such  facts  are  a  mere  suggestion  of  what  observation 
might  yield  if  not  referred  to  one  current  theory. 

Not  only  the  whole  of  the  varied  phenomena  in  question,  but 
even  such  local  chemical  productions  of  gypsum  in  the  Flysch  as 
are  visible  near  Biarritz  at  Oroix  d'Ahetze  and  elsewhere,  have  been 
treated  as  characteristic  of  the  Trias  formation.  In  the  Alps,  as  in 
the  Pyrenees,  the  gypseous  beds  of  the  Trias  have  been  credited 
with  all  the  salt  and  gypsum  of  later  beds  of  every  age.  The 
stratigraphy  which  results  from  attempting  to  unite  Oligocene  and 
Triassic  beds  into  one  formation  is  naturally  astounding. 

Bound  Biarritz,  more  conveniently  than  at  Dax,  the  diversity  of 
the  gypseous  and  red  clays  classed  as  Trias  by  Parisian  geologists 
may  be  verified.  At  Laduch,  west  of  Villefranche,  the  fossiliferous 
base  of  the  Oretaceous  may  be  seen  resting  on  the  gypseous  marls 
of  the  Villefranche  salt*mine.  At  Oaseville  similar  red  clays,  with 
ophite  and  gypsum,  are  distinctly  intercalated  between  the 
fossiliferous  Danien  and  Lower  Eocene,  and  at  Fontarabia  they  are 
inclined  at  only  15^  to  the  horizon.  Beside  the  Negresse  Station 
the  red  brick-clay,  of  post-Olacial  age,  is  now  largely  worked,  and  is 
above  the  Olacial  Diluvium  that  descends  to  the  level  of  the  lake,  while 
over  it  there  is  nothing  but  the  modem  blown  sands  of  the  spurious 
Pliocene  man.  At  Oroix  d'Ahetze  the  similar  gypsum  and  clays, 
formed  by  decomposition  of  iron  pyrites  in  the  Flysch,  thickly 
•cover  the  almost  horizontal  surface  of  a  quarried  sheet  of  fncoidal 
Flysch  limestone.    All  the  diverse  formations  thus  enumerated,  as 
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^ell  as  superfioial  red  olajs  formed  by  decomposition  in  quarrj 
^Bures  and  ancient  drains,  have  been  gravely  classed  as  Trias  by 
the  creators  of  the  eharriage  theory  in  the  Pyrenees  and  the  Alps. 
And  it  matters  nothing  that  the  disposition  of  the  real  Trias  in  the 
neighbouring  mountains  is  as  flatly  opposed  to  their  theory  as  it  is 
possible  to  imagine. 

The  presence  of  the  Muschelkalk  at  Dax  and  other  points  of  the 
snb-Pyrenean  plain  immediately  beneath  the  base  of  the  Cenomanien 
is  curious  as  evidence  of  the  absence  of  the  entire  series  between 
that  horizon  and  the  Kenper  marls.  But  in  the  whole  Western 
Pyrenees  I  have  found  these  intermediate  rocks  to  be  largely 
represented  at  one  point  and  entirely  absent  at  another,  in  the  most 
irregular  and  closely  contrasting  fashion.  The  explanation  lies  in 
the  extensive  transgression  of  the  Oretaceons,  which  is  attested 
by  the  lignites  that  tdternate  with  Qanlt  fossils  between  Ascain  and 
St  Pe,  and  at  Hemani,  Oestona,  etc.,  and  which,  with  abundant 
OrbitoUna  coneava,  rest  directly  on  the  Trias  south  of  Roncesvalles. 
Extensive  and  irregular  denudation  appears  alone  to  fit  the  facts. 
Such  denudation  implies  that  the  Pyrenean  area  was,  in  Lower 
Cretaceous  times,  as  irregular  and  mountainous  as  it  is  to-day. 

The  best  examples  of  the  Muschelkalk  can  be  seen  in  the  valley 
of  the  Bastan  above  Elizondo,  and  at  Urdax  and  the  basin  of 
St.  Jean  Pied  de  Port.  It  alternates  with  sheets  of  ophite  that 
usually  overlie  it  and  occupy  the  place  of  the  Keuper.  It  is  thrown 
into  repeated  strips  by  faults  that  let  down  bands  of  Cenomanien 
fossiliferous  limestone,  forming  long  canal-like  intercalations,  as  in 
the  Alps  of  Qosau.  Both  the  faults  and  the  ophitic  intrusions  are 
consequently  of  an  age  later  than  the  Cenomanien.  A  desire  to 
class  the  ophites  as  Triassio,  on  grounds  of  miorographic  theory, 
has  long  hampered  the  recognition  of  the  facts. 

The  salt  of  the  Dax  mine  is  arranged  in  lentides  coinciding  in 
both  dip  and  strike  with  the  Muschelkalk  and  the  ophite  which 
adjoins  it.  I  have  found  the  same  coincidence  with  the  ophite  in 
the  similar  salt  mass  of  Bassussary,  near  Biarritz,  and  it  has  been 
ascertained  in  the  mine  of  Villefranche.  In  the  last  two  cases  the 
disposition  is  directly  across  the  strike  of  the  Cretaceous  rocks,  and 
in  the  earlier  workings  at  Dax,  described  by  M.  Genreau,  the 
disposition  was  similarly  independent  of  the  Ci:etaceous. 

The  lesson  derivable  from  the  Pyrenean  salt-mines  is  that  of  the 
extreme  danger  of  hasty  generalization,  and  of  the  necessity  for 
studying  each  particular  case  as  it  is  studied  in  the  practice  of  the 
mining  engineer.  It  affords  a  striking  warning  against  the  facile 
assumption  that  old  rocks  must  be  superposed  by  superficial 
transport  from  a  distance,  because  apparently  insuperable  difficulties 
seem  to  exclude  their  intrusion  from  beneath.  The  most  experienced 
geologists  have,  after  repeated  observation,  classed  the  Dax  Muschel- 
kalk as  Cretaceous  or  Tertiary.  When  that  rock  is  recognized  as 
Triassio  it  does  not  follow  that  it  is  superposed  on  later  beds.  Its 
relations  are  merely  such  as  are  constantly  recognizable  within  the 
dislocated  and  contorted  area  of  the  Pyrenees,  and  these  complex 
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relations  can  be  recognized  as  extending  to  Biarritz  and  to  Dax. 
The  latest  observations  on  the  Carpathians  and  the  Eastern  Alps 
amply  establish  the  protrusion  of  the  Klippen  from  beneath,  and 
the  latest  sarveys  of  Algeria  prove  that,  where  the  plastic  Trias  is 
in  question,  local  and  unsuspected  intrusion  and  protrusion  have  na 
such  limits  as  are  assumed  in  the  theory  of  eharriage. 

It  is  more  than  thirty  years  since  I  first  discovered  the  decisive 
example  of  Cretaceous  gypsum  at  Croix  d'Ahetze.  Since  then 
I  have  found  decisive  examples  of  the  production  of  gypsum,  in 
place,  in  rocks  of  any  age  from  the  Musohelkalk  to  the  Tertiary. 
Yet  in  both  the  Alps  and  the  Pyrenees  the  assumption  that  gypseous 
beds  represent  the  Trias  is  the  selected  and  regular  basis  of  strati- 
graphical  paradoxes  which  claim  to  reverse  geology.  It  has  been  as 
easy  to  ascertain  the  truth  as  in  the  case  of  the  Pliocene  man,  but 
no  single  observer  has  cared  to  verify  the  facts.  The  latest  theory 
rests  upon  the  assumption  that  salt  and  gypsum  are  of  fixed  age. 
It  has  thus  selected  for  its  basis  precisely  those  materials  which  are, 
both  chemically  and  mechanically,  plastic  and  transferable  to  such 
a  degree  that  any  stratigraphical  inference  founded  upon  them 
must  be  essentially  arbitrary.  At  Dax,  Biarritz,  and  Cardona  tho 
opposition  between  fact  and  fancy  can  be  recognized. 


VII. — The  Zoning  op  the  Culm  in  South  Germany. 
By  Dr.  J.  H.  Parkinson. 

"  Ueber  eine  neue  Culmfaona  Ton  Eonigsberg  unweit  Qiessen,  und  ilire  Bedeutong- 
fiir  die  Gliedenmg  des  rheinischen  Culm."  Yon  Herm  Harold  Farkinsoa 
aus  Halstead  (Essex).  Zeitsch.  d.  deutech.  geol.  Qes.,  Jahrg.  1903,  Heft  3» 
pp.  1-46,  pis.  XV,  xvi. 

*'  On  a  new  Culm  Fauna  at  Eonigsberg  near  Qiessen,  and  its  significance  for  the 
division  of  the  Rhineland  CuLm.*' 

IT  has  been  suggested  to  me  that  a  brief  r68ume  of  an  illustrated 
article  published  last  year  in  the  Zeitachrift  der  deutachei^ 
geologischen  OeseUschaft  might  be  of  general  interest  The  article 
in  question  embodies  a  piece  of  research  work  nndertaken  at  the 
instance  and  under  the  direction  of  Professor  Kayser,  of  Marburg, 
who  during  the  Summer  of  1900  observed  in  the  neighbourhood 
of  Eonigsberg,  not  far  from  Oiessen,  a  bed  of  rock  differing 
palseontologically  and  petrographically  from  the  surrounding  Culm 
slate.  The  rock,  a  slaty  breccia  with  a  considerable  limestone 
content,  furnished  even  on  cursory  examination  a  fauna  deviating 
considerably  from  that  generally  associated  with  the  Culm.  Type- 
fossils  of  the  Posidonia  Slates  (the  "  Culm  of  Herbom "),  such  aa 
Posidonia  Becheri,  Orthoeeras  striolatum^  and  Goniatiies  ererU$tria, 
were  not  met  with,  but  on  the  other  hand  Crinoid  stems  together 
with  fragments  of  large  Producti  and  of  Trilobites  of  the  genua 
Phillipsia  appeared  plentiful. 

In  order  to  obtain   a  fuller  knowledge  of  the  fauna  of  this 
remarkable  niveau,  Professor  Kayser,  under  whom  I  was  at  tho 
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time  efcadjing,  most  kindly  handed  over  to  me  its  farther  examin- 
ation;  consequently,  in  the  Autumn  of  1902,  I  devoted  several 
weeks  to  the  study  of  the  Culm  rocks  in  the  neighbourhood  of 
Ednigsbeig,  and  especially  to  the  collection  of  fossil  remains  from 
this  particular  bed.  The  general  composition  of  the  Culm  in  this 
locality  is  similar  to  that  elsewhere  in  Hessen,  that  is  to  say, 
directly  over  the  late  Devonian  diabase  lies  a  thin  zone  of  flinty  slate, 
accompanied  here  and  there  by  small  beds  of  limestone;  next 
above  occur  the  well-known  greenish-grey  Posidonia  slates  (as  at 
Herbom) ;  and,  still  higher,  darker  slates,  much  resembling  those 
used  for  roofing — indeed,  about  half  a  mile  east  of  Konigsberg 
they  have  actually  been  quarried  for  this  purpose.  To  these  slates 
belong  the  fossiliferous  beds  which  form  the  subject  of  this  article ; 
above  them  are  found  the  beds  usually  known  as  Oulm  Orauwacke. 

Passing  at  once  to  the  occurrence  of  the  slaty  breccia,  it  should 
be  stated  that  the  beds  were  recognised  in  this  neighbourhood  at 
two  or  three  distinct  spots.  At  one  they  lay  horizontally  among 
the  roofing-slates  already  mentioned,  severcil  outcrops  occurring  on 
the  side  of  the  roadway  connecting  Konigsberg  with  the  village 
of  Frankenbach.  Though  I  only  succeeded  in  finding  fragments 
of  organic  remains  here,  this  was  by  no  means  the  case  at  the 
second  spot,  where  the  breccia-bed  occurs  under  conditions  more 
favourable  for  observation.  Here,  directly  north  of  the  township, 
either  it  forms  a  small  fold,  the  limbs  of  which  incline  gently  west 
and  east,  and  are  interrupted  by  a  fault  of  inconsiderable  extent,  or, 
as  1  am  indined  to  think  more  probably  the  case,  we  have  to  do 
with  the  outcrops  of  two  breccia-beds  separated  from  each  other 
by  grauwacke-slates.  One  is  the  more  inclined  to  the  latter  opinion, 
because  the  larger  outcrop  (about  7  yards  long  and  1^  feet  thick) 
is  characterized  by  a  deep  brown  coloration,  due  to  the  presence 
of  iron  and  manganese  compounds,  wholly  lacking  in  the  smaller, 
which  moreover  possesses  greater  limestone  content,  less  thickness 
and  greater  hardness,  in  these  respects  resembling  the  beds  already 
referred  to  as  occurring  eastward  of  this  spot ;  only  in  the  former 
of  these  outcrops  do  fossil  remains  occur  at  all  abundantly.  A  third 
but  unfossiliferous  bed  of  the  rook  was  also  observed  at  no  great 
distance. 

This  slaty  breccia  is  not,  however,  confined  to  the  neighbourhood 
of  Konigsberg.  Dr.  Drevermann,  assistant  in  the  Geological 
Institute  at  Marburg,  first  called  my  attention  to  its  occurrence 
near  Battenberg  on  the  Eder,  about  30  miles  north  of  Konigsberg, 
and  there  I  succeeded  in  locating  five  or  six  outcrops,  with,  however, 
only  few  organic  remains,  and  those  in  most  fragmentary  condition. 

1  had  to  rely,  therefore,  chiefly  on  the  material  collected  at 
Konigsberg,  the  examination  of  which  was  rendered  additionally 
difficult  by  the  fact  that  the  fossils  occurred  almost  always  as  casts 
and  moulds,  and  in  a  most  crushed  and  distorted  state.  Though 
much  of  the  material,  therefore,  was  from  a  palsdontological  standpoint 
valueless,  I  was  able  to  attain  to  the  specific  determination  of  the 
following  forms  with  tolerable  certainty  : — 
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A  GoMPABisoN  OF  the  Culm  Favsjl  of  Koniosbbro  with  that  of  the 
Rhine  District,  the  Harz,  and  England,  also  with  the  Fauna  of 
THE  Ca&bonifebous  Limestonb  of  Belgium. 


The  Culm  Fauna  of 
Eonigsberg,  etc. 


Carb.  L.,  Belgium. 


•a  . 


I 


It 

P^  go 
^  8 

.2 

3^ 


•si' 

■§•0 


11 


FhiUipiia  £tehw(Udi,    Fischer,  var. 

Sattiaca^  n.yar 

P.  gemmulifera^  Phillips      .     .     . 
Oriffithides  seminifer,  rhillips  .     . 
BeUeroph(m  reiieulatus,  M*Cov      . 
Lozonetna  cf .  acuminata^  Goldiuas 
Fleurotomaria  cf .  pituniy  De  Ken. 
P.  cf.  subUeviSy  De  Kon. 
P.  cf.  iubvittatUy  De  Kon. 
P.  ^/aiufa,  De  Eon.   .     . 
P.  cf .  iubgranota,  De  Kon. 
Conoeardium  aliforme,  Sow, 
Avieulopeeteny  sp.  1    .     . 
Avieulopeetetiy  sp.  2   .     . 
Sealdia  ghbosay  De  Kon. 
Nueula  gibbosa^  Fleming 
Macrodua  cf.  retieulatttSy  M'Coy 
JIf.  aqitamosuSy  De  Kon. 
JIf.  muUilineut,  De  Kon. 
if.  cf.  biitriatus,  Portiock 
Froduetut  giganteus^  Martin 
P.  punetatuff  Martin .     . 
P.  semireticulatug,  Martin 
P.  seabriculuSy  Martin    . 
P.  plicatiliSy  Sow.      .     . 
P.  mesolobua,  PhUl.    .     . 
P.jimbriatusy  Sow.    .     . 
P.  pu*tnloitt»y  Phill.  .     . 
P.  eostatu$y  Sow.        .     . 

P.  cf .  eora 

P.,  sp.  2 


Davidson 


Chonetes  papilionaeeay  Phill 
C  HardrensiSy  Phill.      . 
C  Buehianay  De  Kon.    . 
<7.  Pn^Aiana,  var.  inter$triata^ 
C,  cf .  Dalmanianay  De  Kon. 
Leptana  rhomboidalisy  Wilckens 
Orthothethea  crenittriay  Phill, 

O.  sp 

OrMt«  reattpinatay  Martin 
0.  ifkrA*«#ii,  L'E'Yeill^ . 
Spiriferina  inaeulptay  Phill. 
Spii'ifar  cf .  trtgonalvty  Martin 
Athyria  aquamoaay  Phill. 
u4.  planoaulcatay  PhUl.    . 
-4.  Royaaiiy  L*Fveill6     . 
A,  cf.  expanaay  Phill.     . 
Camarophoriay  sp.      .     . 
Feneatella  plelejay  M*Coy 
Hemitrypa  oefUatay  M*Coy 
Areh€Boeidaria  Begimontanay  n. 
Fleurodietyum  Deehmianumy  ^ 

P.  sp 

Zaphrentiay  sp 

Aaterocalamitea  aerobieulatWy  Schloth, 
Crinoidal  remains .... 
Plant  remains 


sp. 
Kayser 


«  « 


*  Occurs  in  the  Waulsort  Beds.  •  Mourlon  (G60I.  de  la  Belgique,  ii,  p.  41) 

mentions  the  occurrence  of  this  spedes  in  Belgium,  but  does  not  give  the  honxon. 

Digitized  by  ^OOQlC 


Dr.  J.  H.  Parkinson — The  Culm  in  South  Oennany.      275 

The  foregoing  list  oontains  no  single  speoies  in  oommon  with  the 
Oephalopod  Limestone  of  Erdbaoh-Breitsoheid/  universally  reoognised 
as  the  lowest  niveau  of  the  Culm  in  South  Germany.  Only  eight 
of  the  enumerated  fossils,  moreover,  have  heen  found  in  the  next 
snooeeding  horizon,  i.e.  in  the  Posidonia  Slates  of  Herbom  and 
Aprath  (among  them  the  English  forms  Chonetes  ITardrenaia,  Zeptana 
rhomboidalis,  Orthothethes  erenittria,  Orthis  Michelini,  and  Pleuro- 
dietyum  Deehemanum)^  nor  are  the  best  known  speoies  of  the  Posidonia 
Slates  of  Germany  and  of  the  Oulm  Measures  of  England  found  at 
Konigsberg.  We  must  oonolude,  therefore,  that  we  have  to  do  with 
a  new  fauna  of  the  Culm,  so  far  as  these  looalities  are  oonoemed. 

Crossing  the  Rhine,  however,  we  meet  with  a  remarkably 
<H>rre8ponding  fauna  in  the  Carboniferous  Limestone  of  Belgium. 
This  limestone  is  now  divided  into  three  main  horizons,  those  of 
£troeungt  (transitional  between  the  Upper  Devonian  and  the 
Carboniferous),  Toumai,  and  Vise.  Only  eight  Konigsberg  forms 
ocour  in  the  lowest,  12-13  in  the  central,  but  no  less  than  40  in  the 
uppermost  of  these ;  in  other  words,  83  per  oent.  of  the  speoies 
found  at  Konigsberg  are  also  met  with  in  the  Vis^  horizon  of  the 
Carboniferous  Limestone,  amongst  them  many  forms  which  are 
in  Belgium  confined  to  this  niveau,  such,  to  name  no  others,  as 
Froductm  giganteus,  F.  plicatUia,  P.  punctatus,  P.  Jimbriatus,  Chonetea 
papilionaeea,  and  Qriffithides  semintfer.  We  are  consequently  un- 
doubtedly justified  in  regarding  the  slaty  breccia  of  Konigsberg  as 
the  equivalent  of  the  Vise  horizon  of  the  Carboniferous  Limestone. 
This  result  affords  us  a  means  of  zoning  the  Culm  on  the  basis  of 
the  division  of  the  Lower  Carboniferous  in  Belgium.  In  the 
Rhine  district  two  different  Culm  faunas  have  up  to  the  present 
been  recognised,  that  of  Erdbach-Breitscheid  and  that  of  Herbom, 
Aprath,  etc.  The  Cephalopod  Limestone  of  Erdbach-Breitscheid 
has  been  shown  by  Holzapfel  to  be  the  equivalent  in  age  of  the 
£troeungt  beds  in  Belgium,  identical  or  similar  Prolecanites  occurring 
in  both.  Recently,  too,  Dr.  Drevermann  has  described  a  similar 
fauna  from  Ratingen,  on  the  right  side  of  the  Rhine.  The  Mar  wood 
and  Pilton  beds  of  North  Devonshire,  which  are  of  transitional 
character,  are  possibly  also  of  similar  age.  Since  the  Konigsberg 
breccia  must  be  regarded  as  the  equivalent  of  the  Vise  horizon, 
and  at  the  same  time  lies  stratigraphically  higher  than  the  Posidonia 
Slates,  the  latter  must  be  regarded  as  approximately  corresponding 
to  the  beds  of  Tournai,  i.e.  to  the  middle  division  of  the  Carboniferous 
Limestone,  and  the  same  must  also  be  true  of  the  Posidonia  Slates 
of  the  English  Culm  Measures.  We  may  summarize  the  results 
arrived  at  in  the  following  table : — 

Zones  op  the  Culk  ox  the  Right  Zones  op  the  Carboniferous 
Bank  of  the  Rhine.  Limestone  of  Belgium. 

3.  Slates  with  the  Ednigsberg  breccia.  3.  Vise  horizon. 

2.  Posidonia  Slates  of  Herborn,  etc.  2.  Tonrnai  horizon. 

1.  Limestone  of  Erdbach-Breitscheid  and  !•  £troenngt  horizon. 

basal  flinty  slate. 

^  Cf.  Holzapfel,  "Die  cephalopodenfiihrenden  Eaike  des  unteren  Carbon  von 
Breitecheid-Erdbach  bei  Herbom,'*  Dames  und  Kayser,  Palaont.  Abt.,  Bd.  v,  1889. 
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A  farther  oonseqaenoe  of  thU  diioorery  most  be  the  removal  of 
that  very  great  leriee  of  oompaot  oonglomeratic  Grauwaoke-beds  so 
common  on  the  right  bank  of  the  Bhine  and  elsewhere— in  Devon- 
shire, for  example  ^ — ^from  the  Culm  to  the  Uf^Mr  Oarboniferoos,  thua 
reverting  to  the  view  held  some  years  ago  by  H.  von  Deohen  and 
B.  Ladwig.  This  follows  from  the  £aot  of  their  lying  near 
Battenberg  still  higher  than  the  Ednigsberg  strata,  shown  to  be  the 
equivalents  of  the  Vise  horison,  i.e.  of  the  Upper  Oarboniferona 
Limestone,  and  that  the  expression  '  Calm '  oan  only  be  employed  to 
express  equivalenoe  with  the  Lower  Oarboniferoas.  We  mast  look 
open  the  Graawackes,  oontaining  the  well-known  flora  (Lepido- 
dendran,  Arekaocidamitei,  etc),  as  an  equivalent  of  the  Millstone 
Grit  of  England  and  the  Flotsdeere  Sandstein  of  Westphalia. 

It  remains  only  to  be  added  that  the  originals  of  the  fossils 
mentioned  in  this  sketch  are  preserved  in  the  museam  of  the 
Geological  Institute  of  the  Imperial  University  at  Marburg. 


Yin. — Note  on  the  Mabbela.  Mahjak  Mine,  Trinidad. 
By  R.  J.  Lbchmebs  Guppt. 

I   HAVE  been  favoured  by  James  Wilson,  Esq.,  with  samples  of 
material  from  the  Marbela  Manjak  Mine.    They  are — 

No.  1.  Clay  from  No.  1  Gallery,  75  feet  deep. 
No.  2.  „         No.  2      „       127 

No.  3.  „         foot  of  shaft,   150        „ 

No.  4.  Sand-rook. 

There  is  no  essential  di£ferenoe  between  Nos.  1,  2,  and  3,  and  No.  4 
only  differs  in  being  harder,  not  liable  to  disintegration  by  water, 
and  in  containing  more  arenaceous  and  less  argillaceous  matter  than 
the  other  samples.  Calcareous  matter  in  all  the  samples  is  from 
15  to  20  per  cent,  and  consists  almost  entirely  of  shells  of 
Foraminifera.  There  is  a  considerable  amount  of  sulphur,  chiefly 
as  pyrites,  greatest  perhaps  in  No.  3,  and  fragments  of  Manjak^ 
occur  in  No.  1. 

In  appearance  there  is  much  resemblance  between  this  material 
and  that  of  the  Naparima  oceanic  beds,  though  the  latter  is  generally 
of  a  lighter  colour.  But  on  examination  a  very  considerable 
difference  is  found  to  exist  between  the  two  formations.  Both  are 
extremely  fine-grained  substances,  indicating  deposition  in  some 
depth  of  water.  But  the  proportion  of  argillaceous  and  arenaceous 
matter  in  the  Marbela  samples  is  very  much  greater  than  in  the 
oceanic  beds.  This  betokens  in  the  former  case  the  greater  nearness 
of  land  and  the  influence  of  rivers.  In  the  Marbela  samples  the 
sandy  matter  mostly  occurs  in  the  form  of  lumps  or  irregular  small 

»  Ussher :  **  The  Culm  Measure  Types  of  Great  Britain  ** ;  London,  1901, 
*  Manjak  is  a  substance  originally  found  ia  Barbados.     It  is  geologically  coal, 
but  chemically  a  form  of  bitumen.     It  is  described  in  Schomburgk's  **  History  of 
Barbados,"  pp.  551,  569;  and  (as  coal)  in  Proc.  Sci.  Assoc.  Trinidad,  1877,  p.  110 
(we  Guppy  on  Coal,  etc.,  Proc.  Vict  Inst.  Trinidad,  p.  607). 
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masses  or  patches.  The  Foraminifera  are  all  of  species  found  in  the 
oceanic  beds.  This  might  indicate  that  the  deposits  were  laid  down 
•on  the  ocean  border,  occupying  a  position  intermediate  between  the 
iruly  oceanic  deposits  and  the  shore.  The  fossils  frequently  show 
signs  of  decay  and  wear — this  is  particularly  noticeable  in  the  case 
of  Ptdvinulina  pauperata.  A  very  noticeable  difference  is  that  the 
material  of  the  oceanic  beds  when  washed  yield  a  residue  consisting 
■almost  entirely  of  Foraminifera  (chiefly  Olobigerina),  while  that  of 
the  Marbela  deposit  consists  mostly  of  small  pieces  of  slaty-looking 
and  ferruginous  materials,  the  foraminiferal  fauna  being  much 
scantier  than  that  of  the  oceanic  beds,  and  it  shows  no  relation  either 
to  that  of  the  Pointapier  beds  or  to  that  of  Sangregrande. 

As  the  Marbela  Mine  is  in  the  Nariva  Series  (see  my  paper  iti 
<j^BOL.  Mag.,  1900),  this  series  is  possibly  newer  than  the  oceanic 
beds,  and  was  formed  during  the  upheaval  of  the  latter,  being 
partly  composed  of  material  derived  from  the  oceanic  beds.  I  admit 
^that  this  opinion  is  chiefly  conjectural — it  is  in  opposition  to  that  of 
Messrs.  Harrison  and  Jnkes-Browne.  The  conditions  generally  of 
ihe  Marbela  deposit  would  suit  a  depth  of  water  of  100  fathoms  or 
less,  and  thus  it  would  appear  that  the  Manjak  was  deposited  or 
formed  on  a  bottom  of  that  depth.  It  is  easy  to  conceive  that  the 
beavy  tropical  timber  brought  down  by  the  rivers  might  sink  to 
that  depth.  Moreover,  such  timber  is  susceptible  of  being  borne 
along  by  currents  in  the  same  manner  as  clastic  material  generally, 
and  hence  we  find  it  in  the  same  region  as  finely-grained  arenaceous 
and  argillaceous  deposits  derived  from  the  degradation  of  the 
oontinent.  This  explanation  further  admits  of  application  to  the 
case  of  Barbados. 

I^  E  "V*  I  E  "VT"  S. 


I. MXMOIRS  OF   THE    QbOLOOIOAL    SuBVEY    OP    THE    UnITBD 

Kingdom. 
The  Cbbtaobous  Rooks  of  Britain.    Vol.  Ill :   The  Upper  Cbaul 
OF  England.    By  A.  J*  Jukes-Bbownb,  with  contributions  by 
WiiiLiAM  Hill.    8vo  ;  pp.  x,  566,  plate,  illustrations.     (London, 
1904.    Price  10«.) 

THE  Geological  Survey  are  to  be  congratulated  on  completing 
their  Official  Report  on  the  Cretaceous  Rocks  of  England, 
for  with  the  publication  of  this  third  and  last  volume  the  results 
of  many  years'  work  have  been  given  to  the  public.  It  is  to 
be  regretted  that  an  account  of  the  Irish  and  Scottish  Cretaceous 
rocks  was  not  included.  This  volume  deals  with  the  White 
Chalk  alone,  and  of  the  White  Chalk  the  upper  portion  only. 
The  beds  dealt  with  are  defined  by  the  authors  as  '  Upper '  Chalk, 
and  consist  of  the  following  zones: — Zone  of  Hblaater  planus,  of 
Mieraster  eor'teBtudinarinm,  of  Micraater  eor-anguinum,  of  Martupitea 
iestudinariui,  of  Actinocamax  quadratua,  of  BeUmnitella  mueronaia, 
and  of  Oatrea  lunata.  Since  the  description  of  the  Chalk  Rock  by 
W.  Whitaker  in   1859,   the   'Upper'   Chalk  of   the  Survey  has 
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generally  been  defined  as  all  that  part  of  the  Chalk  which  OTerlies 
that  rook  wherever  it  oan  be  identified.  Mr.  Whitaker's  Chalk 
Book,  whioh  possesses  a  typical  struoture  and  is  oharaoterised  by 
a  peculiar  fauna,  ooours  towards  the  upper  part  of  the  HoUiBter 
planui  zone,  but  in  this  memoir  the  whole  of  this  zone  is  included 
in  the  'Upper'  Chalk.  Other  hard  beds,  similar  in  lithological 
aspect  to  the  Chalk  Bock  but  devoid  of  the  peculiar  fauna,  occur, 
especially  in  the  zone  of  Terebratidina  gracilis  of  the  Doi»et  coast. 
Prooise  limits  to  the  various  zones  have  been  defined  in  the  series 
of  papers  recently  published  by  Dr.  Bowe,  by  means  of  the  dis* 
tribution  of  the  fauna;  and  generous  recognition  of  the  work  of 
that  author  and  his  colleague,  Mr.  Sherbom,  has  been  accorded  by 
the  authors  themselves,  as  well  as  by  the  Director,  Mr.  Teall,  in 
his  prefatory  remarks. 

We  need  therefore  merely  remark  on  the  new  zone  of  Ostrea 
lunata,  which  is  founded  on  the  admirable  paper  published  by 
Mr.  Brydone,  and  on  the  unpublished  researches  of  Mr.  Clement 
Beid,  on  the  Trimingham  area  in  Norfolk.  This  small  but  interesting 
area  consists  of  beds  of  Chalk,  lying  upon  the  strata  of  the  mueronata- 
zone,  and  characterised  by  a  founa  comparable  in  many  respects  with 
that  of  the  Chalk  of  Biigen  and  Maestricht.  The  occurrence  of 
a  small  oyster  in  great  profusion  has  led  to  the  adoption  of  Osirea 
lunata  as  the  distinguishing  name  for  the  zone.  Personal  observation, 
however,  would  have  shown  that  the  oysters  occur  only  in  one  of 
the  beds. 

After  defining  the  various  zones  the  authors  discuss  the  typical 
fossils,  special  attention  being  called  to  the  forms  of  the  genns 
Micraster,  whose  value,  first  pointed  out  by  Mr.  C.  J.  A.  Meyer,  wa» 
fully  worked  out  by  Dr.  Bowe.  Condensed  diagnoses  of  these 
forms  and  rough  sketches  of  the  ambulacral  areas  and  of  the  labral 
plates  are  supplied. 

Chapters  iii  to  xx  deal  with  the  description  of  the  beds  proper, 
and  contain  a  vast  amount  of  valuable  material  concerning  the 
various  exposures  from  Devon  to  Yorkshire,  especially  with  regard 
to  the  inland  areas,  not  yet  subjected  in  many  cases  to  critical  zonal 
division  by  means  of  their  fossils.  It  is  unfortunate  that  Dr.  Bowe'a 
paper  on  the  Yorkshire  coast  was  not  published  in  time  for  quotation, 
the  Yorkshire  chapter  being  the  poorest  in  the  volume. 

A  sketch  of  the  "  Upper  Chalk  in  France  "  occupies  chapter  xxi, 
and  allows  of  easy  comparison  with  the  corresponding  beds  in 
England.  Some  interesting  remarks  communicated  to  the  authors  by 
M.  Grossouvre,  who  has  zoned  the  Chalk  of  France  with  reference 
to  the  Cephalopod  fauna,  are  quoted.  M.  Grossouvre  writes:  "The 
classification  established  by  the  evolution  of  the  Ammonite-faunas 
represents,  in  my  opinion,  the  ideal  theoretical  classification  or 
standard  for  comparative  purposes,  to  which  all  regional  classic 
fications  should  be  referred  for  the  purpose  of  correlating  and 

synchronising  the  strata  of  different  countries On  the 

other  hand,  for  the  practical  purpose  of  establishing  the  stratigraphy 
of  the  Cretaceous  series  of  any  given  country,  we  shall  be  obliged  to 
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found  it  upon  the  stndy  of  the  special  fauna  which  the  beds  contain. 
Thns,  where  Miorasters  and  Echinocorys  are  the  predominant  fossils, 
we  must  base  our  zones  on  the  succession  of  different  species  of  these 
Echinoderms ;  elsewhere  the  Hippurites  or  other  shells  may  furnish 
the  requisite  data.  But  when  the  yarious  local  or  regioual  classi- 
fications have  been  thus  established,  and  we  wish  to  compare  them 
with  one  another,  then  they  can  be  referred  to  the  standard  strati- 
graphical  scale  which  I  propose  to  establish  by  means  of  the  succession 
of  Ammonite-&unas." 

Mr.  Hill  continues  his  series  of  observations  on  the  microscopic 
structure  and  components  of  the  Upper  Chalk  in  chapters  xxii  and 
zxiii,  the  lists  of  Foraminifera  being  supplied  by  Frederick  Chapman. 
Mr.  Hill  finds  the  microscopic  structure  of  the  typical  Chalk  Rock 
from  Dorset  and  Wiltshire  so  characteristic  that  it  is  hardly  possible 
to  mistake  it  for  chalk  from  any  other  horizon.  A  slice  cut  from 
the  rocky  chalk  at  the  base  of  the  H,  planuS'Zone  at  Pinhay  shows 
all  the  characteristics  of  Chalk  Bock ;  and  where  the  Chalk  Bock  is 
absent,  as  in  Kent,  Surrey,  and  Sussex,  and  the  zone  of  H.  planm 
consists  of  rough,  lumpy,  and  nodular  chalk,  the  nodules  near  the 
base  of  the  zone  present  a  similar  structure  to  that  of  the  Chalk 
Bock.  On  the  other  hand,  the  Chalk  in  which  Solaster  planus  has 
been  found  in  Norfolk,  Lincolnshire,  and  South  Yorkshire,  differs 
entirely  in  structure  both  from  the  Chalk  Bock  and  from  the  nodular 
chalk  of  this  zone. 

The  authors  find  from  an  examination  of  the  bathymetrical 
conditions  prevailing  during  the  formation  of  the  Upper  Chalk 
that  there  is  distinct  evidence  of  a  shallowing  of  the  chalk  sea, 
during  the  deposition  of  the  Holaster  pZanus-zone,  succeeded  by  a 
gradual  deepening  which  culminated  possibly  during  the  deposition 
of  the  Marsupite-zone^  again  to  be  succeeded  by  a  progressive 
shallowing  up  to  the  final  passage  of  the  Chalk  into  the  Tertiaries. 
While  not  presuming  to  affix  a  definite  limit  to  the  depth  of  the 
sea  during  Marsupiie  times,  the  diagram  accompanying  the  Report 
suggests  700  fathoms  as  the  probable  extent  of  the  depression. 
Dr.  Smith  Woodward's  researches  among  the  fishes  of  the  Chalk 
have  shown  that  "  the  majority  of  the  deep-sea  fishes  of  the  Cre- 
taceous period  are  more  or  less  closely  related  to  the  Scopeloids 
and  Berycoids,  which  still  form  so  conspicuous  an  element  in  the 
abyssal  fauna."    They  possess  luminous  organs. 

We  are  glad  to  notice  that  chapter  xxv  is  devoted  to  "  Economic 
Products  of  the  Chalk,"  a  subject  omitted  in  vol  ii.  The  officers 
of  the  (Geological  Survey  have  exceptional  opportunities  for  amassing 
this  kind  of  information,  which  is  not  only  of  importance  to  the 
public  but  tends  to  the  completeness  of  their  work.  We  looked 
in  vain  in  vol.  ii  for  a  sketch  of  the  important  industry  in 
Portland  cement,  which  occupies  so  large  a  business  feature  in  the 
Medway  area,  and  it  is  but  briefly  mentioned  in  vol.  iii. 

The  "  Physical  Features  of  Chalk  Districts  "  forms  an  interesting 
chapter,  and  the  "Water  Supply  from  the  Chalk,"  even  in  so 
condensed  a  form,  is  of  great  general  importance.    In  this  latter 
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chapter  the  Tiews  of  Dr.  J.  0.  Thresh  on  the  "  Saline  Oonetitnents  of 
Chalk  Waters  "  reoeive  espeoial  attention  and  oritioism.  Appendix  I 
contains  oritioal  remaiics  on  some  species  of  fossils  hy  Messrs.  E.  T. 
Newton  and  A.  J.  Jukes-Browne,  and  a  list  of  fossils  from  the 
Chalk  of  England,  compiled  from  yarious  authors.  We  do  not 
propose  to  say  anything  about  these  lists  beyond  asking  on  idiose 
authority  UirUaerinua  wt$ifaUou$,  Schlueter,  is  quoted  on  pp.  8  and 
508.  Dr.  Bo  we  in  his  careful  papers  has  nowhere  attached  a  specific 
name  to  this  Crinoid,  nor  has  Dr.  Bather,  in  whose  hands  the  bulk 
of  the  material  has  been  for  years,  done  so.  The  matter  is  still 
Bvh  judiee,  and  those  who,  without  special  knowledge  and  withov^ 
seeing  the  material,  have  definitely  identified  the  English  specimens 
with  the  form  from  Westphalia,  have  incurred  the  grave  responsibility 
of  introducing  into  our  lists  yet  another  name  at  present  meaningless 
and  confusing. 

liie  yolume  concludes  with  a  Bibliography,  in  which  we  are  glad 
to  see  an  old  friend,  the  Bey.  J.  Townsend,  who  wrote  on  Wiltshire 
in  1818,  and  who  is  the  special  sobject  of  a  note  as  to  the  interest  of 
his  book  on  p.  198. 

This  memoir  on  the  Cretaceous  rocks  of  Britain,  projected  in 
two  volumes,  has  been  concluded  in  three,  and  will  form  a  com- 
panion to  Mr.  H.  B.  Woodward's  memoir  on  the  Jurassic  rocks. 
Of  the  indefatigable  eneigy  and  trouble  taken  by  the  authors  we 
have  had  abundant  evidence,  and  of  the  selfless  co-operation  of  their 
colleagues,  still  more.  We  congratulate  Mr.  Jukes-Browne  and 
Mr.  Hill  on  the  completion  of  their  labours,  which  cannot  fail  to 
tend  to  that  progress  which  is  ever  continuous  in  geology. 

IL — A  Text-book  of  Oiolooy:  intbndkd  as  ak  Intboduotiok 
TO  THK  Study  of  the  Books  and  their  Contshts.  By 
W.  Jeboke  Harbison,  F.G.S.  8vo  ;  pp.  vii,  850.  Fifth  edition. 
(London :  Blackie  &  Son,  1908.) 

WE  welcome  the  fifth  edition  of  this  handy  guide  to  geology, 
not  simply  because  it  is  the  work  of  a  painstaking  and 
enthusiastic  worker,  but  because  it  is  a  thoroughly  reliable  intro: 
duction  to  the  science.  Although  the  greater  part  of  the  woik 
remains  as  in  the  last  edition  (noticed  in  the  Geol.  Mao.  for  1897, 
p.  829),  revisions  of  names  of  fossils  and  other  revisions  or  additions 
have  been  made  here  and  there.  In  the  Appendix  there  is  added 
a  Table  showing  the  range  in  time  of  the  principal  genera  of  fossil 
invertebrates.  The  examination  papers  in  geology  comprise  some 
of  the  later  questions  set  by  the  Board  of  Education.  The  work  is 
one  eminently  suited  to  the  requirements  of  those  working  for 
examination,  though  we  believe  that  the  halcyon  days  for  students 
and  teachers,  for  examiners  and  assistant  examiners,  tinder  the 
Board  of  Education  are  over  I 

There  are  a  few  slips  which  might  be  avoided  in  a  subsequent 
edition. 

P.  15.  The  Thames  does  not  discharge  into  the  English  Ohannel, 
but  into  the  North  Sea. 
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P.  274,  fig.  2.  Nucleolites  dimidiatus,  Phil.,  a  well-known  Ooralliaa 
species,  is  enumerated  amongst  the  fossils  charaoteristio  of  the  Ohalk. 

P.  264.  Waterhouse-Hawkins'  inoorreot  restoration  of  Megalo* 
sauruM  might  with  advantage  be  replaced  by  Marsh's  figure  of 
Ceratoaaurus,  which  was  most  probably  identioal  with  our  Jurassic 
Dinosaur,  and  was  no  doubt  (judging  by  its  skeleton)  bipedal,  having 
«6ry  small  fore-limbs,  only  of  use  in  seizing  its  prey  (see  Qkol.  Mag., 
1896,  p.  892,  Fig.  3). 


Gbolooioal  Sooiety  of  London. 

April  13th,  1904.— J.  B.   Marr,  So.D.,  F.E.8.,   President,  in  the 
Chair.     The  following  communications  were  read  : — 
1.   ''The  Discovery  of  Human   Remains   under  the  Stalagmite 
Floor  of  Gough's  Cavern,  near  Cheddar."     By  Henry  Nathaniel 
Davies,  Esq.,  F.G.S. 

(jk>ugh's  Cavern  opens  at  the  base  of  the  cliffs  on  the  south  side 
•of  Cheddar  Gorge.  Various  human  and  animal  remains  have  been 
discovered  at  different  times  in  the  clearing  out  of  parts  of  the 
main  cavern.  The  principal  deposits  are  a  stalagmite-like  travertine 
overlying  cave-earth,  and  the  latter  at  one  place  encloses  a  tabular 
limestone  block  surrounded  with  flint  chips.  During  draining 
operations  it  was  necessary  to  excavate  part  of  a  fissure  running 
northwards  out  of  the  vestibule  of  the  cavern,  when  a  human 
skeleton  was  found,  associated  with  flakes,  scrapers,  and  borers  of 
flint,  embedded  in  cave-earth,  which  overlay  a  lower  bed  of 
stalagmite  and  was  overlain  by  a  second  bed  five  inches  thick.  The 
skeleton  was  nearer  the  top  than  the  bottom  of  the  deposit,  and  the 
remains  excavated  comprise  the  skull,  the  bones  of  an  arm,  a  leg, 
and  part  of  the  pelvic  girdle.  The  other  bones  were  allowed  to 
remain  in  situ  and  may  now  be  seen.  The  position  of  the  skeleton 
was  that  which  would  have  been  assumed  by  a  drowned  man. 
Interment  is  out  of  the  question  because  of  the  narrow  and  ship- 
shape of  the  fissure,  which  was  choked  up  with  undisturbed  debris 
and  calcareous  deposits.  The  stature  of  the  man  was  5  feet  5  inches ; 
he  was  of  muscular  build,  with  prognathous  jaws,  a  straight  thigh, 
and  a  thick  dolichocephalic  skull.  The  animal  remains  found  in 
the  cave-earth  of  other  parts  of  the  Cavern,  and  held  by  the  author 
to  be  contemporaneous  with  that  in  the  fissure,  are  those  of  mid 
and  late  Pleistocene  age  ;  and  this  evidence,  together  with  that  from 
the  position  of  the  skeleton,  the  shape  of  the  cranium,  and  the  form 
and  workmanship  of  the  fli^es,  points  to  a  period  towards  the  close 
-of  the  Palsdolithic  or  the  opening  of  the  Neolithic  age. 

2.  "  History  of  Volcanic  Action  in  the  Phlegrsan  Fields."  By 
Professor  Giuseppe  De  Lorenzo,  of  the  Boyal  University  of  Naples. 
(Communicated  by  Sir  Archibald  Geikie,  ScD.,  SecE.S.,  V.P.G.S.) 

In  an  introductory  section  the  author  sketches  the  general 
geological  structure  of  the  district  around  Naples,  and  shows  the 
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dispoBition  of  the  chief  lines  of  fracture  by  which  the  Triassic^ 
Cretaceous,  and  older  Tertiary  formations  were  traversed  previous 
to  the  commencement  of  volcanic  activity  in  this  part  of  Italy. 
He  recognizes  three  chief  periods  in  the  volcanic  history  of  the 
district. 

I.  The  eruptions  of  the  first  series  took  place  under  the  sea  during 
the  Pleistocene  period.  Their  surviving  products  can  be  grouped 
in  two  distinct  divisions,  each  recording  a  different  eruptive  phase. 
The  older  of  these  (a)  is  represented  by  the  pipemo  and  grey 
pipernoii  tuffs  of  the  Campania,  which  extend  under  the  broad 
plain  into  the  valleys  of  the  Apennines.  These  deposits  consist  of 
grey  trachytic  tuff,  with  scattered  black  scori»,  and  with  a  varying 
proportion  of  non-volcanic  sediment  washed  down  from  the  hills. 
The  vents  whence  they  were  ejected  are  now  no  longer  to  be  traced^ 
as  they  have  been  obliterated  or  covered  up  by  later  accumulations. 
The  pipemo,  well  developed  at  the  foot  of  the  hill  of  Camaldoli,. 
has  given  rise  to  some  difference  of  opinion  as  to  its  nature  and 
origin.  The  author  is  disposed  to  regard  it  as  a  trachytic  lava  with 
schlieren,  the  dark  lenticles  being  made  up  of  such  minerals  as 
augite,  aegerine,  and  magnetite,  while  the  lighter  matrix  is  felspathic 
(anorthose)  with  a  spherulitic  structure  and  microlites  of  SBgerine 
and  augite. 

The  second  phase  (5)  of  the  first  eruptive  period  is  represented 
by  ashes,  lapilli,  pumice,  and  sands,  intercalated  with  marine  shell- 
bearing  clays  and  marls,  and  also  with  conglomerates  and  breccias, 
these  coarser  kinds  of  detritus  overlying  them  and  varying  in 
thickness  according  to  their  proximity  to  or  distance  from  the 
vents  whence  the  materials  were  ejected.  The  accumulations  of 
this  epoch  were  pierced  through  in  the  artesian  boring  at  the  Royal 
Qardens,  Naples,  where  they  were  330  feet  thick. 

II.  Above  the  records  of  the  first  volcanic  period  lie  those  of  the 
second — the  yellow  tuff,  which  forms  the  most  wide-spread  and 
most  characteristic  of  all  the  volcanic  formations  of  the  Phlegr88an< 
Fields.  It  is  a  yellow  or  cream-coloured,  compact,  well-stratified 
aggregate  of  trachytic  detritus,  through  which  are  scattered  fragments 
of  tuff  and  lava.  Its  average  thickness  exceeds  300  feet.  That  it 
was  a  submarine  accumulation  is  shown  by  the  occurrence  in  it 
of  oysters,  pectens,  and  other  organisms.  Owing  to  the  general 
uniformity  of  its  lithological  characters,  the  yellow  tuff  has  not 
furnished  any  satisfactory  evidence  of  a  definite  order  of  succession 
in  the  eruptions  to  which  it  was  due.  In  spite  of  prolonged 
denudation  and  of  successive  later  volcanic  vicissitudes,  it  is  still 
possible  to  recognize  some  of  the  separate  vents  from  which  the 
tuff  was  discharged,  such  as  the  islet  of  Nisida,  the  hills  of  Posillipo, 
Vomero,  Capodimonte,  and  Camaldoli  and  Gauro. 

III.  After  the  discharge  of  the  yellow  tuff  from  numerous  cones 
and  craters  scattered  over  the  sea-floor  where  the  Campi  PhlegrsBi 
now  extend,  the  volcanic  tract  appears  to  have  been  upraised  into 
land,  and  to  have  been  thereafter  exposed  to  a  prolonged  period  of 
snbaerial  denudation.     But  the  volcanic  activity  was  not  extinct,  for 


Digitized  by  VjOOQ  IC 


Correspondence — Alex.  Somervail — J.  Smith.  283- 

a  ntimber  of  vents  made  their  appearance  and  discharged  a  suooession 
of  fragmental  materials,  which  differ  from  the  yellow  tuff  in  showing 
both  maorosoopically  and  microscopically  a  greater  variety  of  com- 
position, and  in  the  proofs  which  they  furnish  of  a  succession  of 
eruptions  both  in  space  and  time  and  a  gradual  southward  shifting 
and  diminution  of  the  vigour  of  the  eruptive  energy.  The  largest 
and  most  ancient  of  the  volcanoes  of  this  latest  period  is  that  of 
Agnano,  the  crater  of  which  is  built  up  of  layers  of  pumice,  ashes, 
lapilli,  soft  grey  tuff,  and  beds  of  scorias.  Not  improbably  it  was 
from  this  eruptive  centre  that  the  trachy-andesitic  lava  of  Oaprar& 
issued.  Other  volcanoes  of  the  same  series  are  Astroni,  Solfatara, 
the  two  small  vents  of  Oigliano  and  Campana  behind  the  north- 
western slopes  of  Astroni,  the  last-named  example  showing  three 
concentric  rings,  within  the  innermost  of  which  a  beautifully  perfect 
little  crater  marks  the  last  efforts  of  this  vent  The  crater-lake  of 
Avemus  belongs  likewise  to  the  latest  group,  and  perhaps  it  was 
the  water  percolating  from  this  basin  to  the  thermal  springs  of 
Tripergole  which,  in  September,  1538,  gave  rise  to  the  explosion 
that  built  up  Monte  Nuovo,  the  youngest  of  the  cones  of  the 
Fhlegraaan  Fields. 


coi^ie.ESi=>oi>riD.E3i>roE. 


THE  BASE  OF  THE  KEUPER  IN  SOUTH  DEVON. 

Sib, — In  replying  to  Dr.  Irving's  article  in  your  April  number, 
I  must  preface  the  same  by  regretting  my  use  of  the  term 
"dolomitic"  which  somehow  crept  in;  but  which,  I  think,  hardly 
amounts  to  a  "  caricature  "  of  his  description.  I  would  further  add 
that  I  never  doubted  the  existence  of  the  fault  at  the  Chit  rock. 

On  the  main  issue  I  still  hold  that  the  Otterton  Breccias  are  not 
again  brought  up  on  the  east  side  of  the  river  Sid;  and  that  the 
beds  here  described  as  such,  occupy  a  much  higher  horizon,  being 
separated  from  the  former  by  a  considerable  thickness  of  red  sand- 
stones. On  this  point,  however,  I  am  willing  to  wait — with  an  open 
mind — the  results  of  other  observers  who  may  choose  to  devote 
their  attention  to  this  matter.  Alex.  Sombbvail. 

Torquay  N.H.  Societt. 
I6th  April,  1904. 

MARINE  FOSSILS  IN  UPPER  COAL-MEASURES. 
Sib,  —  On  the  23rd  April  I  found  in  the  Craigmark  Bum, 
Dalmellington,  Ayrshire,  some  marine  shells  in  the  Upper  Coal- 
measures.  They  occur  in  a  cliff  on  the  right  bank  of  the  stream, 
about  half  a  mile  up  from  the  village  of  Craigmark.  The  cliff  is 
about  30  feet  high,  its  upper  part  composed  of  dark  shale,  and  its 
lower  part  of  lighter-coloured  shale  with  nodules  and  bands  of 
'  curly '  ironstone.  About  the  middle  of  the  cliff  there  is  a  9  iooh 
band  of  bituminous  shale  with  fish- remains,  and  in  the  centre  of 
it  the  marine  band  occurs. 
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The  fo68il8  are  dwarfed  and  starved-looking,  but  from  tiieir  perfect 
preservation  they  have  evidently  lived  on  the  spot  where  now  found, 
4uid  ooour  with  a  few  indistinguishable  plant-remains.  The  following 
are  the  species  I  ooUeoted: — Froduetus  semiretieulatus,  var.,  largest 
-one  i  inch,  but  generally  much  smaller;  common.  Athyris  <Mi6tf«a, 
largest  f  inch ;  scarce.  Lingula  mytilotdes,  rare,  and  very  smalL 
The  late  R.  W.  Skipsey  many  years  ago  found  marine  shells  in  the 
Ooal-measures  near  Ooatbridge,  but  the  specimens  were  of  fair  sise.' 

The  marine  shells  I  obtained  on  the  23rd  April  appear  to  be 
pretty  high  up  in  the  ooal  strata ;  and  in  the  stream  and  on  the 
«ide  of  the  glen  may  be  seen  the  Qillyhole  Coal,  at  this  part 
-converted  into  columnar  oarbonite  four  feet  thick  by  a  small  IVap 
«ill;  it  is  one  of  the  finest  examples  of  a  'bu^t  coal'  bed  in  the 
west  of  Scotland.  In  the  same  glen  there  is  also  a  small  sill  which 
has  assumed  a  spheroidal  structure.  I  saw  no  speoimens  of 
Carhonicqla  or  any  other  Coal-measure  shells  in  the  marine  band. 
I  am  sending  some  specimens  to  the  British  Museum. 

MoNKRiDCiNG,  Kilwinning.  *^*  SMITH. 

25th  ApHl,  1904.  ^ 


PROFESSOR    CHARLES    EMERSON    BEECHER,    Ph.D. 

Born  Octobbb  9,  1856.  Dibd  Febbtjary  14,  1904. 

(WITH  A  PORTRAIT:    PLATE  X.») 

Bt  the  death  of  Professor  Beecher,  American  palaeontology  and 
geology  have  sustained  a  great  loss,  and  one  which  Is  also  sincerely 
felt  by  many  friends  and  fellow- workers  in  England  and  on  the 
-Continent.  Although  only  47  years  of  age,  he  had  attained  to  a  high 
degree  of  eminence  in  his  University  as  a  teacher  and  leoturer, 
whilst  his  published  researches,  especially  on  Trilobites,  the  Mero- 
stomata,  and  Phyllocarida,  entitled  him  to  the  first  nink  as  an 
orieinal  investigator  in  palsBOzoology  ;  nor  had  he  neglected  the 
higher  forms  of  extinct  life,  as  is  shown  by  his  rebonstruotion  of 
Dinosaurs  in  the  Peabody  Museum  at  Yale. 

Charles  Emerson  Beecber  was  born  at  Dunkirk,  New  York,  Oct  9th, 
1856.  He  was  educated  in  the  High  School  at  Warren,  Pa.,  and 
graduated  at  the  University  of  Michigan,  taking  his  B.S.  in  1878. 
During  the  ten  succeeding  years  he  was  engaged  as  an  assistant 
to  the  veteran  geologist.  Professor  James  Hall,  upon  the  staff  of 
the  Geological  Survey  of  the  State  of  New  York,  and  many  specimens 
now  exhibited  in  the  State  Museum  at  Albany  testify  to  his  abflity 
as  a  collector  and  his  skill  in  developing  and  mounting  invertebrate 
fossils. 

Professor  Beecher  was  appointed  in  1888  to  the  charge  of  the 
invertebrate  fossils  in  the  Peabody  Museum,  under  the  late  Professor 

1  Trans.  Geol.  Soc.  Glasgow,  vol.  ii,  p.  52. 

>  For  permission  to  repr^uoe  Professor  Beecher's  portrait  we  are  mnch  indebted 
to  Mr.  J.  McK.  CattelJ,  of  The  Fopftlar  Science  Monthly  Garrison  on  Hudson, 
l^ew  York,  U.S.A.— Edit.  Geol.  Mao, 
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O.  0.  Manh,  and  in  1889  he  received  the  degree  of  Fh.D.  from  Yale 
University  for  his  memoir  on  the  Braohiospongidsd,  a  remaikable 
group  of  Silarian  sponges.  In  the  July  of  this  year  he  made  hi& 
first  geological  trip  to  the  far  West,  being  sent  by  Professor  Marsh 
to  join  a  party  of  colleotors  in  Converse  County,  Wyoming,  where 
he  remained  till  September.  During  this  trip  he  obtained  one  of 
the  laigest  complete  skulls  of  TrictratopBy  now  in  the  Yale  Museum. 
Shortly  after  this  Professor  Marsh  arranged  for  Dr.  Beecher  to  visit 
Bngland  and  make  studies  in  the  British  Museum,  accompanied  by 
the  late  Dr.  Baur.  [Here  he  made  the  writer's  acquaintance,  and 
became  an  intimate  friend  and  correspondent  respecting  their  mutual 
studies  upon  the  Arthropoda. — EL  W.J  He  also,  with  Dr.  Baur,  visited 
France  and  Grermany.  During  the  preparation  for  his  degree  at  Yale, 
Beecher  had  taken  geology  under  the  late  Professor  Dana,  and  in 
1891-92,  when  the  latter  was  ill,  Professor  Beecher  conducted  the 
classes  in  geology  for  him.  In  1892  he  was  made  Assistant-Professor 
of  Historical  Geology  in  the  Scientific  School,  holding  the  post  till 
1897,  when  he  was  appointed  Professor  of  Historical  Geology  and 
a  member  of  the  Governing  Board  in  the  Sheffield  Scientific  School. 
On  March  10th,  1902,  he  was  made  University  Professor  of 
PalsBontology  at  Yale. 

Professor  Charles  Sohuohert  writes :  —  ''In  1898  there  was 
discovered  in  Lower  Silurian  shales  near  Home,  New  York,  a  thin 
band  not  more  than  one-fourth  of  an  inch  thick,  in  which  nearly  all 
the  Trilobites  {Triarthrus  and  TriwicleuB)  preserve  antennas  and  legs. 
Trilobite  legs  had  been  known  before  in  a  few  isolated  and  very 
imperfectly  preserved  specimens,  and  from  a  series  of  about  250 
sections  cut  from  more  than  3,000  enrolled  individuals  of  a  species 
found  near  Trenton  Falls.  Antennas  had  not  previously  been  seen. 
This  important  discovery  by  a  local  worker  induced  Professor 
Beecher  to  take  out  several  tons  of  the  shale,  and  later  many 
hundred  individuals  were  developed  by  mechanical  means  to  show 
the  ventral  anatomy.  But  few  can  appreciate  the  great  amount  of 
time  and  the  remarkable  skill  required  to  free  these  Trilobites  from 
the  adhering  black  shale,  and  to  Beecher  we  owe  oar  detailed 
knowledge  of  the  ventral  anatomy  of  Triarihrus  and  Trinudeus, 
He  published  thirteen  papers  on  these  very  primitive  Crustacea, 
including  a  classification  in  which  all  Trilobites  are  arranged  in 
three  orders."  [Special  mention  should  also  be  made  of  his  enlarged 
models  of  the  appendages  of  Triarihrus,  and  of  the  great  Stylanurus^ 
Xacoanus,  which  are  most  valuable  and  instructive  for  Museums. — 
H.  W.]  **  He  was  at  work  on  an  extensive  treatise  on  these  forms, 
in  which  he  proposed  to  bring  together  all  that  is  known  regarding 
their  anatomy.  IFn fortunately,  this  work  had  not  progressed  beyond 
the  mechanical  stage  of  preparation  of  material  and  the  making  of 
drawings.*' 

In  1899  Professor  Beecher  succeeded  the  late  Professor  O.  C. 
Marrii  as  curator  of  the  entire  geological  collections  in  the  Peabody 
Museum  at  Yale,  and  became  a  member  of  the  Board  of  Trustees  of 
that  Museum.    He  also  held  the  position  of  Secretary  to  the  Boards 
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and  was  a  member  of  the  Ezeoutive  Committee.  He  was  elected 
a  member  of  the  National  Academy  of  Sciences,  a  Foreign  Corro- 
^pondent  of  the  Gleological  Society  of  London,  and  a  Fellow  of  the 
Oeologioal  Society  of  America.  In  1900  he  was  elected  President 
of  the  Connecticut  Academy  of  Arts  and  Sciences,  and  filled  the 
office  for  two  years. 

**  In  1899  he  presented  his  entire  collection  of  fossils,  containing 
upwards  of  100,000  specimens,  to  Yale  Museum.  The  gift  was 
without  conditions,  and  was  given  *  in  grateful  recognition  of  the 
licnours  and  favours  conferred  upon  me  during  my  connection  with 
the  University.' 

**  Although  Professor  Beecher  was  interested  in  stratigraphic  and 
•descriptive  palsdontology,  he  published  almost  nothing  in  either 
branch  of  the  science.  Of  stratigraphic  and  faunal  papers  he  has 
^ye.  Of  new  species  apparently  not  more  than  thirty-one  were 
described  by  him.  Besides  these  he  proposed  seven  new  genera 
and  seven  new  orders. 

''His  most  philosophic  paper,  and  the  one  which  he  himself 
thought  best,  is  entitled  'The  Origin  and  Significance  of  Spines. 
A  study  in  evolution.'  He  states  here  that  all  spinose  species  when 
young  are  devoid  of  spines,  and  are  derived  from  non-spinose 
ancestors.  Forms  attaining  the  limit  of  spine  difierentiation  leave 
no  descendants,  and  out  of  spinose  types  no  new  types  are  developed. 

"  Charles  E.  Beecher's  scientific  writings  amount  to  about  sixty-five 
in  number.  His  standing  among  biologists  and  palaeontologists  was 
high,  and  he  was  the  leader  among  the  students  of  Brachiopoda  and 
Trtlobita.  His  paliBontologioal  work  at  Tale  was  essentially  of  a 
biological  and  philosophical  character.  As  a  preparator  of  fossils  ho 
had  no  equal,  and  as  a  collector  was  one  of  the  best.  He  had  the 
.  artistic  temperament,  and  made  most  of  the  illustrations  for  his 
publications.  He  was  a  slow  and  very  careful  worker.  Those  who 
knew  him  well  saw  in  him  an  enthusiast,  but  his  exuberance  was 
always  held  in  check  by  his  judicial  qualities,  which  character  made 
him  also  an  excellent  counsellor.  He  travelled  extensively,  read 
wisely,  was  a  lover  of  the  English  masters  and  of  Herbert  Spencer's 
philosophy.  He  was  orderly  in  his  work,  and,  as  he  had  the 
*  museum  instinct'  well  developed,  he  made  one  of  the  best  of 
museum  curators." — Professor  Charles  SehucherL 

His  past  students  bear  the  highest  testimony  to  his  worth  as 
a  teacher  in  science,  both  as  a  lecturer  and  as  a  demonstrator  in  the 
laboratory.  As  a  friend,  all  who  knew  him  appreciated  his  many 
excellent  qualities  and  his  sterling  worth. 

{Kindly  favoured  by  Miss  Lucy  P.  Bush  from  the  Tale  Alumni  Wtekly^  New  Haren, 
Conn.,  March  2nd,  1904.] 


SIR   CLEMENT   LE    NEVE   FOSTER,    D.Sc,   F.R.S. 

BouN  Mabch  23,  1841.  Died  Apbil  19,  1904. 

In  the  death  of  Sir  Clement  Foster  we  mourn  the  loss  of  a 

geologist  the  most  distinguished  in  this  country  for  his  scientific 

and  practical  knowledge  of  metalliferbus  mining,  and  of  all  matters 

relating  to  stone  quarries  and  slate-mines. 
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The  Beoond  son  of  Peter  Le  Neve  Foster  (for  many  years 
Secretary  of  the  Society  of  Arts),  be  was  born  at  Camberwell,  and 
received  bis  early  education  at  Boulogne  and  Amiens.  He  then 
studied  successively  at  the  Boyal  Scbool  of  Mines  and  at  the  Mining 
College  of  Freiberg,  in  Saxony,  and  eventually  took  tbe  degree  of 
Doctor  of  Science  at  tbe  University  of  London. 

In  1860  be  was  appointed  an  Assistant  Geologist  on  tbe  Geological 
Survey,  working  for  a  few  years  in  tbe  Wealden  area  and  among 
tbe  Carboniferous  rocks  of  Derbysbire.  Conjointly  with  bis 
<solleague  William  Topley,  tbe  now  classic  paper  "On  tbe  Super- 
ficial Deposits  of  tbe  Valley  of  tbe  Med  way,  witb  remarks  on  tbe 
Denudation  of  tbe  Weald,"  was  read  before  tbe  Geological  Society 
in  1865.  Tbe  autbors  songbt  to  prove  tbat  old  gravel  of  tbe 
Medway  occurs  300  feet  above  tbe  present  level  of  tbe  river,  and 
tbat,  granting  tbis  to  be  tbe  case,  tbere  was  no  difficulty  in  admitting 
tbat  tbe  present  features  of  tbe  Wealden  area  were  sculptured  by 
rain  and  rivers.  Later  on  Foster  was  part  autbor  of  tbe  Memoir 
on  tbe  Geology  of  North  Derbysbire  (Qeol.  Survey,  1869).  He 
retired  from  the  Geological  Survey  in  1865,  not  without  much 
personal  regret  at  leaving  tbe  congenial  and  active  field-work  of 
tbat  institution ;  be  retired  simply  because  tbe  prospects  of  earning 
a  reasonable  income  were  too  remote.  He  now  devoted  his  attention 
especially  to  mineralogy  and  mining — lecturing  on  these  subjects  in 
Cornwall,  and  examining  several  important  mineral  districts  in 
different  parts  of  the  world.  He  brought  before  tbe  Geological 
Society  notes  on  Celestine  in  Egypt  (witb  H.  Bauerman),  and  an 
account  of  tbe  Caratal  goldfield  in  Venezuela.  In  1872  he  was 
appointed  an  Inspector  of  Mines  under  tbe  Home  Office,  and  served 
for  about  eight  years  in  the  south-west  of  England.  The  results  of 
his  observations  on  mines  in  Cornwall  and  Devon  were  brought 
before  the  Geological  Society  and  before  local  Societies  in  Cornwall. 
In  1880  be  was  given  charge  of  tbe  North  Wales  district,  and 
resided  at  Llandudno  until  his  retirement  from  the  Home  Office  in 
1901.  Meanwhile,  on  tbe  death  of  Sir  Warington  Smyth,  Foster 
was  appointed'  in  1890  to  the  professorship  of  mining  at  the  Boyal 
College  of  Science,  a  post  which  he  held  until  the  time  of  his  death. 
Tbe  work  of  his  later  years  is  largely  embodied  in  the  Beports  on 
Mines  and  Quarries  issued  annually  by  the  Home  Office.  He  was 
autbor  also  of  an  important  treatise  on  ''  Ore  and  Stone  Mining,"  of 
which  ^xe  editions  have  been  issued,  and  only  last  year  he  published 
an  excellent  handbook  on  ''  The  Elements  of  Mining  and  Quarrying." 

His  wide  knowledge  and  tbe  charm  of  bis  personal  character 
made  him  known  and  beloved  by  a  large  circle  of  friends,  while 
bis  services  on  committees  and  as  a  juror  were  in  frequent  request. 
His  last  important  function  was  as  a  member  of  tbe  present  Boyal 
Commission  on  Coal  supplies.  He  was  elected  a  Fellow  of  tbe 
Boyal  Society  in  1898,  and  last  year  the  honour  of  knighthood  was 
conferred  upon  him. 
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Mk.  W.  W.  PiSHiB,  in  a  paper  "  On  the  Salinity  of  Waters  fron> 
the  Oolites '*.(^tia2^al»  Feb.,  1904),  remarks  that  the  study  of  thes^ 
waters  leads  to  the  general  oonolasioa  that  the  axu)overed  beds 
of  limestone  yield  caloareoas  waters  of  a  hard  oharaoter,  while  the 
deep  beds,  and  especially  the  beds  covered  by  olay,  yield  saline 
or  alkaline  supplies.  In  his  opinion  the  alkalies  are  normal  oou- 
stitaents  of  the  strata  from  which  the  waters  are  obtained.  The 
chemical  argnment  appears  absolutely  destructive  of  the  hypothesis 
that  the  constituents  are  derived  from  the  infiltration  of  sea-water. 
The  alkaline  carbonates  probably  owe  their  origin  to  the  decay  of 
organic  matter  originally  deposited  in  and  with  the  rock  material,, 
part  of  which  still  remains,  and  from  which  the  products  of 
decomposition  have  not  been  removed  by  the  circulation  of  under- 
ground waters.  It  is  precisely  in  situations  where  there  is  little 
or  no  movement  possible  that  saline  waters  are  met  with. 

««  Notes  on  Mining  in  iBELiLND  "  are  contributed  by  Mr.  6.  H. 
Kinahan  (Trans.  Inst.  Mining  Engineers,  1904).  He  sums  up  what 
is  known  of  the  iron,  silver,  copper,  and  tin  ores,  of  gold,  and 
also  of  salt,  steatite,  fuller's  earth,  pyropbyllite,  and  molybdenite. 

Mb.  D.  a.  MaoAlister,  in  dealing  with  <*  A  Cross-Section  and  some 
notes  on  the  Tin  and  Copper  Deposits  of  Camborne  "  (Trans.  Boy. 
Qeol.  Soc.  Cornwall,  vol.  xii),  remarks  that  while  idl  the  lodes- 
produce  both  tin  and  copper  ores,  those  in  the  killas  yield  mainly 
copper,  and  those  in  the  granite  mainly  tin.  In  the  Camborne  areas 
the  lodes  are  ore-bearing  fissures  in  the  vicinity  of  elvan  dykes, 
and  they  must  be  regarded  as  having  been  a  later  product  of  the 
same  magma  as  that  which  gave  rise  to  the  elvans.  The  lodes^ 
indeed  appear  to  be  influenced  in  the  direction  of  their  underlie 
by  the  elvans,  and  like  them  they  appear  to  oon verge  in  depth. 
The  richest  tin  zone  in  a  series  of  ore  fissures  bears  a  fairly  definite 
position  with  regard  to  the  surface  of  the  granite,  being  more  or 
less  parallel  to  it,  and  bending  with  it  The  lodes  are  not  uniformly 
productive  to  the  deepest  points  reached  by  mining.  Oenerally 
speaking,  the  conditions  assisting  the  deposition  of  cassiterite  from 
its  solutions  were  more  favourable  near  the  periphery  of  the  granite 
than  those  nearer  their  source,  and  solutions  reaching  the  cooler 
regions  near  the  contact  deposited  the  whole  of  that  cassiterite  which 
they  had  managed  to  retain  in  the  upward  journey.  The  author 
deals  with  the  secondary  enrichment  of  lodes  that  may  accompany 
denudation  of  the  area,  and  this  appears  to  especially  affect  the  copper 
ores.  In  conclusion  he  is  hopeful  that  with  modern  engineerings 
methods  there  wUl  be  a  revival  in  Cornish  mining. 

Mr.  T.  V.  Holmes  calls  attention  to  '<  Some  Grey  wethers  at  Orays 
Thurrock,  Essex"  {Essex  Naturalist^  vol.  xiii).  They  were  met 
with  in  the  old  Thames  Valley  drift,  and  were  probably  derived 
from  the  Woolwich  and  Reading  Beds. 
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I. — On    the  Disooveby  of  SiLuuiiur    Fossils  of    Ludlow  Aqb 

IN  Cornwall. 

By  ITppield  Gbebn,  P.G.S. 

THIS  is  merely  a  brief  note  to  reoord  the  disooverj  of  fossils  of 
undoubted  Silurian  age  in  the  ''  Blaok  Slates  with  limestone 
lenticles "  which  occur  on  the  shore  and  in  the  cliff  at  Metcbing's 
Cove,  near  Porthalla,  and  at  Porthluney,  near  Gorran,  in  Com  wall. 

For  many  years  the  most  careful  search  in  these  beds  for  fossils 
has  been  unsuccessful  beyond  minute  ossicles  of  crinoids  and 
indeterminable  fragments  of  Orthocerata.  I  have  spent  many 
weeks  each  year  hunting  for  fossils,  often  alone,  but  sometimes  in 
the  company  of  Dr.  Barrois,  Mr.  Teall,  Messrs.  Vassell,  Sherbom, 
Howard  Fox,  and  others,  and  beyond  finding  the  well-known 
Brachiopoda  in  the  quartzites  of  Gk)rran  and  Came,  our  search  has 
seemed  almost  in  vain.  Some  four  years  ago,  however,  Mr.  Sherbom 
found  in  the  Black  Slates  of  Fletohing's  Cove  an  impression,  which 
he  identified  as  a  fragment  of  8erpulUe$  langissimus,  J.  de  C.  Sow., 
of  Ludlow  age.  Thb  fragment  is  now  in  the  Museum  of  Practical 
(Jeology.  This  Spring,  in  company  with  Messrs.  E.  Dixon,  of  the 
Geological  Survey,  and  Mr.  G.  T.  Prior,  of  the  British  Museum, 
I  paid  my  usual  visit  to  ComwaU,  and  was  rewarded  by  finding 
at  Porthluney  in  these  Black  Slates  a  limestone  lenticle  which 
contained  Orthocerata  in  quantity.  It  was  only  on  the  6th  June 
that  I  showed  this  to  Mr.  Sherbom,  who  at  once  took  it  to  Mr,  G.  C. 
Crick,  who  recognised  two  of  the  fossils  therein  contained  as  com- 
parable with  Actinoceras  baeeatum,  H.  Woodw.,  and  Barrandeocera9 
holHanum  (Blake),  together  with  other  fragments  also  of  Upper 
Silurian  age.  These  two  Cephalopods  taken  together  with  the 
SerpuliUs  stamp  the  rock  as  of  uppermost  Silurian,  probably  Ludlow 
age.    The  specimen  is  in  the  British  Museum  (Nat  Hist). 

I  think  I  may  now  venture  to  state  that  we  have  at  last  succeeded 
in  establishing  a  definite  fact  in  the  geology  of  this  part  of  Cornwall, 
thus  fixing  a  base-line  for  the  rocks  intervening  between  it  and  the 
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Taaniuian  beds  of  Looe  and  Fowey.  These  rooks  I  propose  to 
oorrelate  with  the  GMinnian  of  the  Continent  in  a  sabseqnent  paper. 
I  may  mention  that  at  Looe  I  have  at  last  found  the  most 
oharaoteristio  fossil  of  the  Tannnsian  series.  Onychia  (Kochia) 
eapuliformis,  Sandberger,  as  well  as  Spirifer  mertwrii  (Gosselet). 


n. — An  Eooemb  Outcrop  in  Central  Africa. 

By  Captain  P.  8.  Lklbax,  EJL.M.C.,  F.R.C.S.Eng. 

(With  a  Map  In  the  text.) 

AT  the  heart  of  Africa  lies  a  vast  area,  so  remote,  so  inaooessible, 
and  henoe  so  little  known,  that  for  the  explorer  it  possesses 
a  fascination  all  its  own.  The  interests  of  the  geologist  have  perhaps 
received  less  recognition  than  those  of  his  fellow-scientists  from  the 
pen  of  the  traveller  ;  and  there  must  be  mnch  that  he  wonld  wish 
to  know  lying  hidden  in  these  distant  regions  awaiting  disooveiy 
and  publication.  There  is  thus  an  encouragement  to  make  known 
any  facts  which  may  throw  light  upon  the  geological  structare  of 
those  parts,  however  small  the  contribution  may  be. 

While  serving  recently  with  the  Anglo-French  Boundary  Com- 
mission (Niger-Chad)  we  found  an  outcrop  of  a  fossil -bearing 
stratum  in  the  region  of  the  Sokoto,  having,  as  shown  in  the 
accompanying  map,  giving  its  latitude  and  longitude,  a  position  near 
the  verge  of  the  Qreat  Sahara  Desert  On  my  return,  the  specimens 
secured  were  submitted  to  the  palsoontologists  of  the  British 
Museum,  one  of  whom,  Dr.  F.  A.  Bather,  has  kindly  drawn  up  the 
description  which  follows  in  a  separate  paper.  For  me  it  only 
remains  to  give  a  few  particulars  of  the  general  and  localized 
formation  to  supplement  bis  account. 

Generally,  the  country  consists  of  sandy  plains,  roughly  estimated 
as  lying  some  500  or  600  feet  above  sea-level.  These  plains  are 
traversed  by  watercourses,  which  contain  running  water  only  for 
some  five  or  six  weeks  in  the  year,  the  rainfall  of  535  mm.  lasting 
during  three  months.  A  permanent  water-supply  is  obtained  by 
deep  wells,  which  in  some  places  reach  a  depth  of  400  feet  before 
tapping  a  constant  source. 

From  the  plains  rise  hills  in  isolated  masses  or  in  chains,  with 
abrupt  slopes,  often  almost  precipitous,  and  with  summits  ending 
at  from  300  to  400  feet  in  plateaux  of  remarkably  uniform  height, 
unbroken  by  further  elevations.  These  hills  consist  mainly  of 
laterite,  marl,  and  limestone,  but  in  places  are  found  outcrops  of 
syenitic  granite;  among  minerals  are  some  calcite,  a  little  quartz, 
and  considerable  quantities  of  mica. 

The  accompanying  map,  kindly  furnished  by  Capi  C.  St  Fonlkes, 
B.E.,  shows  to  the  east  of  Garadimi  a  plateau  with  the  characters 
described.  Its  steep  sides  are  covered  by  boulders  and  detached 
rocks  of  all  sizes,  and  the  formation  is  of  laterite  throughout.  From 
this  plateau  a  long  promontory  reaches  out  towards  Garadimi,  falling 
abruptly  for  some  distance  to  merge  into  a  spur  composed  entirely 
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of  fossil -bearing  limestone,  whence  at  the  spot  marked  +  were 
obtained  remains  of  MoUusoa,  Echinoidea,  and  Foraminifera,  whioh, 
aooording  to  the  determinations  by  Dr.  Bather  and  Mr.  B.  Bollen 
Newton,  suggest  a  Middle  Eooene  age  for  the  rock.  This  spur  was 
evidently  more  resistant  than  the  promontory;  it  was  less  than 
200  feet  thick,  and  between  it  and  the  general  plain  level  below  lay 


■         7?oa ds      Ufifwr  margin  cf  plateaus 

^"^-^Waler  courses    —  Base  of  slofies  (f  filateatuc 

+  S/iot  jrorrt  which  spJ^cimans  were  taken. 


anpther  stratum  of  laterite,  while  the  limestone  itself  was  markedly 
stratified.  Similar  discoveries  of  fossils  ascribed  to  the  Middle 
Eocene  period  have  been  made  by  the  French  at  Zinder,  some 
300  miles  to  the  east  of  Gktradimi,  and  have  been  commented  on  by 
Professor  A.  de  Lapparent 
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ni. — EOOENS  EOHIMOIDS  FROM  SoKOTO. 

By  F.  A.  Bather,  M.A.,  D.Sc.»  British  Museam  (Natural  History). 

(PLATE  XI.) 

IT  is  fortunate  that  Oaptain  lielean  not  merely  discovered  these 
fossils  at  Garadimi  in  Sokoto,  hut  that  he  had  enough  sense  of 
their  importance  to  spend  some  time  and  trouble  in  their  collection, 
and  that  now  he  has  generously  presented  them  to  the  British 
Museum.  The  collection  includes  four  echinoid  tests,  ^ye  natural 
casts  of  MoUusca,  and  a  few  rock-specimens  containing  OpereuUna 
and  other  Foraminifera.  The  MoUusca,  so  far  as  their  state  of 
preservation  admits,  have  been  determined  by  Mr.  B.  Bullen  Newton 
as :  3  Lucina  cf.  giganUa  Deshayes,  1  Voluta  of.  eithara  Lamarck, 
and  1  undetermined  Gastropod.  The  Echinoidea  were  partly  covered 
by  an  impure  limestone  closely  adherent  to  the  test.  The  portions 
not  so  covered  were  in  many  places  considerably  worn,  and  the 
calcite  was  split  by  cracks,  probably  due  to  alternations  of  tempera* 
ture,  and  rendering  it  very  difficult  to  follow  the  course  of  the 
sutures.  The  appearance  of  these  and  the  other  specimens  shows 
clearly  that  they  have  been  lying  on  the  surface  of  the  ground  for 
some  time,  and,  in  fact,  Oaptain  liclean  informs  me  that  they  were 
not  picked  out  of  the  solid  rock,  but  from  the  talus  at  the  foot  of  the 
difif.  The  notable  variations  in  the  matrix  of  the  different  specimens 
are  thus  accounted  for.  None  the  less  it  will  be  seen  in  the  sequel 
that  all  the  specimens  are  consistent  with  the  ascription  of  a  Middle 
Eocene  age  to  the  mass  of  limestone  from  which  they  were  derived. 
Of  the  four  echinoids,  two  have  been  determined  as  belonging  to  the 
genus  PleBtolampaB  and  two  to  the  genus  HemiaBter.  In  each  case 
there  is  a  larger  and  better  preserved  specimen  referred  to  as  A, 
and  a  smaller  one  referred  to  as  B. 

[The  MS.  of  this  ^per  was  sent  in  on  March  14th,  1904.  After  the  proof  bad 
been  reoeiyed,  Captain  Foolkes,  R.E.,  kindly  presented  to  the  British  Museum 
a  further  collection  of  fossils  from  this  region.  It  included  two  more  specimens  of 
the  FUnolampas,  referred  to  as  C  and  D ;  and  twelve  more  of  the  HemiMtery  lettered 
according  to  their  decreasing  size  from  G  to  0.  The  accompanying  label  reads:  "In 
bed  of  indurated  chalk  running  into  grey  limestone  underlymg  laterite.  Found  near 
road  just  above  Tamask^,  where  it  descends  from  plateau."  These  specimens  have 
confirmed  the  main  conclusions  already  set  down,  while  affording  a  wider  basis  for 
the  diagnoses.  Beyond  this,  a  few  fusions  or  illustrations  are  ail  that  it  has  been 
possible  to  introduce  at  this  more  than  eleventh  hour. — June  9th,  1904.] 

Plesiolampas  Duncan  &  Sladen,  1882. 

Pal.  Ind.,  ser.  xiv,  vol.  i,  pt.  3,  Foss.  Ech.  W.  Sind,  pp.  9,  54,  pis.  i,  xiii-xv 
(non  FUsiolampat,  Pomel,  1883,  **  Genera  des  £ch.,"  p.  62). 

The  two  specimens  agree  entirely  with  the  diagnosis  of  this  gemD» 
of  GassidulidsB  (subfam.  Echinolampadinffi)  as  drawn  up  in  the 
above-quoted  work,  and  as  repeated  in  P.  M.  Duncan's  "  Bevision 
of  the  Echinoidea"  (J.  Linn.  Soc.  Zool.,  xxiii,  p.  193 ;  1889).  They 
have  not  the  crenulate  and  perforate  tubercles  of  OridampaB 
Munier*Chalmas.  They  diflfer,  however,  from  the  six  species  which 
Duncan  &  Sladen  described  from  the  Eocene  of  Sind,  and  I  am 
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unable  to  find  any  other  valid  species  of  the  genus.  Pomel's 
Oassidalid  genus  of  the  same  name  would,  if  accepted,  belong  to 
the  EohinanthinsB.  Oonoclypeui  rostratus  B.  Tate,  1894,  was  referred 
by  its  author  to  Plenolampas  in  1898  ( J.B.  Soc.  N.S.  Wales,  xxxi, 
p.  412),  but  Mr.  J.  Lambert  in  the  same  year  showed  that  it  was  an 
EchtnolampaSy  and  named  it  E.  Tatei  (Bev.  Grit.  Pal6ozool.,  ii, 
p.  164).  Even  if  Falaopneuaiee  eonieuB  Dames,  1877,  could,  as 
Duncan  suggested,  be  referred  to  Pleiiolampas,  it  could  not  possibly 
be  related  to  the  present  species,  which  I  therefore  propose  to 
describe  as 

Plesiolampas  Sahara,  n.sp.     (PL  XI,  Figs.  1-5.) 

Diagnosis. — Outline  oblong,  rounded  in  front,  slightly  rostrate 
behind ;  margins  tumid  ;  dorsal  surface  in  transverse  profile  slightly 
<x>noid ;  lengtii  100,'  width  87-91,  height  51-53.  Ambulacral  areas 
raised ;  petals  do  not  reach  margin,  posterior  pair  being  most  remote, 
their  greatest  width  from  11  to  16,  interporiferous  area  not  quite 
twice  width  of  poriferous ;  pores  conjugate  and  sloping  adactinally. 
Peristome  deeply  sunk,  transversely  elongate,  eccentric  in  front. 
Periproct  at  extreme  actinal  margin.  Ornament  of  tubercles  sunk 
in  sorobicules  of  thrice  their  diameter,  irregularly  scattered  on  dorsal 
surface,  more  regularly  crowded  actinally. 

Description  of  specimen  A  (B.M.  registered  E  4824). — Test 
almost  complete,  rubbed  on  left  side,  fractured  in  other  places. 
This  is  the  holotype. 

General  Form.  —  Ambital  outline  approaches  an  oblong,  with 
gentle  curve  in  front,  passing  into  wide  curves  on  the  sides,  which 
are  further  apart  posteriorly,  then  more  tapering  behind  and  very 
slightly  truncate.  Margin  tumid,  very  slightly  rostrate  behind. 
Actinal  surface  deeply  sunk  round  peristome,  to  fully  5  mm.  below 
base-plane,^  otherwise  gently  convex.  Peristome  slightly  eccentric 
in  front,  circa  24  mm.  from  anterior  vertical  plane.  Height  of 
ambitus  above  base-plane,  circa  10  mm.  in  front,  circa  7  mm.  behind. 
Total  length,  52*3  mm.  Greatest  width,  45*6  mm.  at  circa  28  mm. 
from  anterior  vertical  plane.  Here  also  is  the  vertex,  27  mm.  above 
base-plane.  Dorsal  surface  slightly  conoid  in  transverse  profile ;  in 
longitudinal  profile,  slopes  down  with  a  sharper  and  more  convex 
curve  anteriorly  than  posteriorly.     (See  Text-figures  1-3,  p.  294.) 

Apical  System. — Slightly  anterior  to  vertex,  its  centre  being  circa 
23  mm.  from  anterior  vertical  plane.  The  4  gonopores  are  circular 
and  about  equal ;  posterior  pores  1*9  mm.  apart,  anterior  pores 
1*25  mm.  apart.  Oculars  and  their  pores  minute  and  almost  indis- 
tinguishable.   As  usual  in  the  genus,  the  4  genital  plates  are  fused, 

>  In  the  diagnoses  relative  measurements  are  given  in  hundredths  of  the  len^ ; 
in  the  descriptions  the  actual  measurements  are  nven  in  millimetres.  Here  lengtn  = 
36-60*5  mm.    The  radii  and  interradii  are  numhered  on  Loven's  system. 

2  The  hase-plane  is  the  flat  horizontal  surface  on  which  the  denuded  test  assumes 
stable  equilibnum  in  its  natural  posture.  The  anterior  vertical  plane  is  at  right 
angles  to  this  and  to  the  sagittal  plane,  and  parallel  to  the  transversal.  The  height 
of  the  vertex  or  any  other  part  should  always  be  measured  from  the  base-plane. 
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Plesiolampas  Sahara^ 

Fio.  l.—Outline  and  petals  of  abactinal  surface  of  A. 
„     2. — Outline  of  A  from  poeterior  end. 
„     3. — Outline  of  A  from  left  side,  showing  position  of  peristome  as  though  in 

section. 
,,     4. — Actinal  surface  of  B,  roughly  indicating  peristome  and  incipient  phyllodes. 

Alljiguret  are  natural  size. 
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and  all  the  space  within  the  gonopores  is  filled  with  hydropores ; 
the  madreporite  does  not,  however,  extend  backwards  between  the 
posterior  oculars.     (PL  XI,  Fig.  2.) 

Ambulacra. —  At  the  ambitus  and  on  the  tumid  margin  of  the 
aotinal  surface  the  whole  ambalacral  area  is  slightly  raised ;  within 
the  petals  the  raising  is  almost  confined  to  the  interporiferons  area, 
the  poriferous  areas  being  slightly  depressed  along  their  outer 
borders.  The  petals  do  not  reach  the  ambitus,  the  posterior  pair 
being  the  most  remote  from  it.  Angle  included  by  rays  II  and  lY, 
136^;  by  rays  I  and  Y,  60^.  The  petals  widen  equably  to  near 
their  ends,  then  close  in  slightly ;  the  actual  measurements  are : — 

III.  II  &  IV.  I  &  V. 

Length  of  petal   ...        20*7  mm.  20*0-21*6  mm.  24*0-25*0  mm. 

Greatest  width     ...          6*9  mm.  8*0-  7*5  mm.  8*4-  8*0  mm. 

Width  at  distal  end         5*0  mm.  4*3  mm.  5*3  mm. 

Structure  of  petals  :^In  all  lateral  petals  the  posterior  poriferous 
area  curves  more  than  the  anterior  (PL  XI,  Figs.  4  and  6).  In 
ray  lY,  at  the  widest  part  of  the  petal,  the  width  of  the  inter- 
poriferous  area  is  3*8  mm.,  while  that  of  the  poriferous  area  is 
2*1  mm. ;  the  widths  of  both  diminish  slightly  towards  the  apex  and 
more  slightly  towards  their  distal  ends.  The  inner  pores  of  an 
area  are  almost  circular,  the  outer  pores  pyriform  on  the  surface  but 
becoming  more  circular  deeper  down,  as  is  seen  when  the  surface 
has  been  worn.  This  appearance  is  connected  with  the  distinct 
conjugation  of  the  pores.  In  the  interporiferons  area  the  sutures 
between  the  ambulacrals  are  almost  at  right  angles  to  the  perradius, 
with  a  tendency  to  slope  adactinally  from  it.  In  the  poriferous 
areas  the  adactinal  slope  of  the  suture  is  conspicuous,  the  angle 
contained  by  the  two  regions  of  the  suture  being  150^.  Number  of 
pore-pairs  in  petals :  III,  circa  48  ;  II  and  lY,  circa  51 ;  I  and  Y, 
circa  60.  But  there  are  a  few  slight  irregularities :  thus,  in  the 
anterior  poriferous  area  of  ray  lY,  reckoning  from  the  dbtal  end  of 
the  petal,  the  outer  pores  are  missing  from  sutures  1,  3,  4,  6,  7,  8, 
the  inner  pores  remaining  normal,  except  3  and  4,  which  are 
diminished;  outer  pore  6  is  larger  than  usual  (PL  XI,  Fig.  4). 
Occasional  atrophy  or  suppression  of  a  pore  occurs  in  the  other  rays. 

From  the  contracted  ends  of  the  petals  the  ambulacra  widen  again 
towards  the  ambitus,  and  then  lessen  in  width  towards  the  peristome, 
widening  slightly  just  before  they  reach  it.  The  series  of  double 
pores  of  the  petals  changes  very  rapidly,  if  not  quite  abruptly,  into 
a  series  of  minute  single  pores  which  appears  to  continue  the  inner 
row  of  the  double  pores.  It  passes  over  the  ambitus  on  to  the 
aotinal  surface  of  the  test ;  as  it  approaches  the  peristome  the'  pores 
increase  in  size,  and  at  the  oral  end  of  the  ambulacrum  appear  to  be 
some  half-dozen  supplementary  pores  on  each  side,  forming  a  rudi- 
mentary phyllode.  This  is  more  clearly  seen  in  B  (Text-fig.  4). 
bat  the  structure  in  A  seems  to  have  been  similar. 

Interradials.  —  In  the  upper  part  of  the  abactinal  surface,  the 
sutures  between  these  plates  are  straight ;  in  the  lower  part  the 
sutures  have  a  downward  bend  in  the  middle.      The  number  of 
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amboIaoraUabnttiiigOD  a  single  interambiilaoral  is  abont  7  half- way 
down  a  petal,  fewer  nearer  the  apex,  and  more  at  the  distal  end. 
The  arrangement  of  the  interradials  on  the  aotinal  sarfaoe  oannot  be 
distinguished. 

Peristome.  —  Not  folly  exposed,  but  enough  matrix  has  been 
worked  away  to  show  that  it  is  about  1*5  mm.  in  front  of  the  middle 
line,  transversely  elongate,  narrow  antero-posteriorly,  and  deeply 
sunken. 

Periproot — At  extreme  maigin  of  aotinal  surface,  inyisible  from 
above ;  longitudinally  elongate,  oval  or  subpyriform ;  oiroa  7*7  x 
4*2  mm. 

Ornament. — Small  primary  tubercles,  varying  slightly  in  thickness, 
uon-crenulate,  imperforate,  sunk  in  a  sorobioule  of  thrice  their 
diameter,  to  such  a  depth  that  their  summits  are  flush  with  the 
general  surface ;  irregularly  disposed  on  abaotinal  surface,  both  on 
interambulacral  and  interporiferous  areas,  at  distances  varying  from 
about  half  the  width  to  twice  the  width  of  the  sorobioule;  more 
regularly  disposed  in  rows  on  aotinal  surface,  very  slightly  wider, 
and  crowded  so  that  the  space  between  them  equals  about  one-third 
the  width  of  the  sorobioule.  Miliary  granules,  crowded  and  often 
confluent,  fill  all  spaces  between  the  scrobioules,  and  tend  to  form 
a  slightly  defined  scrobicular  circle ;  they  cover  the  ridges  dividing 
the  conjugate  podial  pores ;  between  periproot  and  peristome  they 
are  larger,  and  seem  here  to  cover  a  median  tract  from  which 
tubercles  are  almost,  if  not  wholly,  absent.  (Gf.  PL  XI,  Figs.  1  and  3.) 

Specimen  B  (B.M.  regd.  E  4825). — Much  smaller  than  A,  but 
of  the  same  general  shape:  length  36*8 mm.,  width  35mm.,  height 
17*5  mm.  The  length  and  height,  however,  have  been  much 
reduced  by  erosion  of  the  test,  which  has  also  caused  the  excavation 
around  the  peristome  to  appear  relatively  less  than  in  A,  while  the 
periproot  can  scarcely  be  distinguished. 

[Specimens  C  &  D  (B.M.  regd.  E  4833  and  £  4834).— From  Tamask^.  C,  which 
is  fairly  well  preserved,  has  length  60-5  mm.,  width  55  mm.,  height  32  mm.  This 
indicates  a  slight  increase  in  relative  width  and  height  with  age.  Otherwise  C  agrees 
closely  with  A.  Ita  measurements  are  taken  into  account  in  the  diagnosis.  D  is 
a  mere  fragment,  hut  shows  the  ornament  so  much  more  clearly  than  the  otner  specimens 
that  it  has  heen  selected  for  figuring  (PI.  XI,  Figs.  1,3).  On  the  actinal  surface,  the 
tubercles  are  in  places  more  crowded  than  shown  in  the  figure.] 

Belations  to  other  speoies.^Generally  speaking,  P/estoIamiMis 
Sahara  is  stouter,  wider,  more  tumid  at  the  margin,  and  more  loftily 
domed  than  any  of  the  Indian  species  described  by  Duncan  &  Sladen. 
Thus,  F.  elongata  is  much  narrower  and  flatter;  P.pralonga  is  much 
more  elongate,  more  rostrate,  and  has  narrower  poriferous  areas  in 
the  petals ;  P.  ovalis  is  also  more  rostrate,  and  has  relatively  shorter 
and  narrower  petals ;  in  P.  rostrata,  which  has  wide  petals,  scarcely 
convergent  distally,  the  periproot  is  more  elongate  and  removed 
from  the  margin,  while  the  low  test  slopes  gently  from  the  vertex 
to  the  margin  and  has  a  slight  posterior  ridge;  the  outline  of 
P»  polygonalis,  though  somewhat  reminiscent  of  P.  Sahara,  is  nearer 
a  pentagon,  and  is  wider  in  front  instead  of  behind,  the  low  upper 


Digitized  by  VjOOQ  IC 


Dr.  F.  A.  Bather— Eocene  JEchinoidsfrom  Sokoto.       297 

snrfaoe  is  gentlj  domed,  the  petals  narrow  and  very  slightly  oon- 
Tergent ;  P.  placenta  is  the  nearest  to  oar  species  and  particularly 
Tesembles  B,  but,  as  compared  with  the  unworn  A,  it  is  much  thinner 
and  flatter,  while  its  ornament  is  said  to  be  larger  and  scantier  on 
the  actinal  surface,  the  reverse  of  P.  Sahara. 

Evidence  as  to  age. — All  species  of  this  genus  previously 
described  are  found  in  Sind.  P.  elongata  comes  from  tbe  Strata 
below  the  Trap,  which  appear  to  be  at  the  base  of  the  Tertiary. 
The  other  species,  some  of  which  are  more  like  P.  Sahara,  come 
from  the  top  of  Uie  Banikot  Series,  which  is  thought  to  be  Lower 
Eocene.  There  are  in  P.  Sahara  no  signs  of  more  advanced 
-evolution  such  as  might  suggest  for  it  a  later  date. 

Hemiasteb  Desor,  1847. 

Ann.  Sci.  Nat.  (3),  yiii,  p.  16. 

Syn.  Traehyaster  Pomel,  1883,  Genera  des  Ech.,  p.  38. 

There  has  been  much  discussion  and  uncertainty  about  the  limits 
of  this  genus,  and  a  summary  of  the  position  in  the  year  1889  is 
given  by  Duncan  (Revision  of'Echinoidea,  p.  225).  However 
the  genus  be  dismembered,  it  should  retain  as  genotype  the  species 
described  by  A.  Brongniart  (1822)  as  Spatangus  hu/o,  which  was 
the  first  in  Desor's  list,  and  was  subsequently  referred  to  by  him  as 
characteristic  of  the  genus.  For  present  purposes  it  is  unnecessary 
to  consider  whether  or  not  Ahatus,  Tripylus,  Ditremaster,  and  many 
other  forms  at  one  time  or  another  placed  with  Hemiaster,  should  be 
left  in  the  genus.  The  only  one  with  which  the  specimens  before 
us  have  anything  to  do  is  Traehyaster,  In  tbe  genotype  and  other 
<jharaoteristic  species  of  ITemiaster,  the  apical  system  is  compact  and 
ethmophract  (the  madreporite  bounded  posteriorly  by  genitals  1 
and  4),  and  the  compact  nature  of  the  system  was  recognised  in 
])esor*s  revised  diagnosis  (Synopsis,  1858,  p.  367).  In  certain 
-species  that  would  otherwise  fall  into  Hemiaster,  the  apical  system 
is  ethmolysian  (the  madreporite  extending  backwards  between 
genitals  1  and  4  and  oculars  I  and  Y).  For  such  species  the  genus 
Traehyaster,  proposed  by  Pomel,  was  adopted  by  Cotteau  (1887, 
Pal6ont.  fran^.,  Terrains  Tert,  ]^hinides  i^ceues,  p.  400).  Duncan 
and  Sladen  (Ann.  Mag.  Nat.  Hist  [6],  ii,  p.  329;  1888)  rejected 
this  genus  for  reasons  partly  bibliographic,  partly  morphological. 
Their  objections  of  the  former  class  were,  however,  based  on  an 
incomplete  acquaintance  with  Fomel's  writings,  many  of  which 
were  not  accessible  in  this  country  till  the  death  of  their  author. 
They  stated,  in  fact,  that  the  genus  had  been  proposed  without  any 
genotype ;  and  it  is  true  that  in  the  section  of  his  work  first  pub- 
lished (1883)  Pomel  merely  said  ''  Le  type  est  fossile  du  miocene 
8up6rieur."  fiut  from  the  2®  Livraison,  p.  108  (1888),  it  is  clear  that 
the  species  intended  was  Traehyaster  globulus  Pomel,  which  was 
figured  as  T.  glohosus  in  the  plates,  first  issued  in  1887.  There  can 
therefore  be  no  technical  objection  to  the  acceptance  of  PomePs 
name.  If  there  were,  one  would  merely  fall  back  on  Cotteau's 
'diagnosis  and  the  genotype  T,  Heberti  Cott.     But  Duncan  &  Sladen 
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farther  maintained  that,  as  had  already  been  ahown  by  Mr.  V. 
Gauthier,  the  ethmolysian  apical  system  was  merely  a  stage  of 
development,  oonneoted  by  imperoeptible  gradations  with  the 
ethmophract  stage,  and  that  an  individual  might  be  ethmophraot 
in  youth  and  ethmolysian  in  old  age.  An  objection  of  this  nature 
could  be  brought  against  almost  any  character,  except  the  few 
which  may  have  arisen  fer  talium.  When,  however,  a  slowly 
evolving  character  affords  the  only  distmcUon,  and  when  the 
intermediate  stages  are  many,  as  in  the  present  case,  it  certainly 
does  not  seem  advisable  to  base  a  generic  division  upon  it  alone. 
As  a  provisional  subgenerio  denomination  for  ethmolysian  Hemiasters 
with  four  gonopores,  the  name  TrachyaMter  has  its  conveniences. 
In  such  a  sense,  then,  we  may  say  that  tiie  specimens  from  Garadimi 
belong  to  Trachyaster. 

Now  according  to  the  usual  diagnoses,  the  only  distinction  between 
Trachyaster  and  lAntUa  (Desor,  1853,  genotype  L.  in$igm$  Merian) 
is  that  Lintkia  has  a  lateral  fascicle  passing  beneath  the  periproct. 
The  fact  that  in  the  majority  of  fossils  it  is  very  hard  to  distinguish 
this  lateral  fascicle  is  no  argument  against  its  taxonomic  importance, 
fiut  the  researches  of  Mr.  Alexander  Agassiz  seem  to  show  that 
a  lateral  fasoiole  is  the  remains  of  what  was  once  a  single  fasdole 
enclosing  both  petals  and  periproct,  the  latter  structure  being  nearer 
the  apex  in  early  stages.  As  the  periproct  passes  downwards 
from  the  apex,  we  may  suppose  that  it  carries  the  posterior  r^on 
of  this  primitive  fasciole  downwards  with  it;  and  then  that  the 
peripetalous  fasciole  is  recompleted  above  the  periproct  by  a  secondary 
posterior  half.  Whatever  may  be  the  function  of  the  fasciole,  it  is 
reasonable  to  suppose  that  it  is  interfered  with  by  this  transportation  ; 
hence  the  appearance  of  a  new  fasciole  in  its  place.  Therefore  one 
might  anticipate  for  the  lateral  fasciole  an  early  disappearance ;  and 
that  there  is  actually  such  a  tendency  seems  to  be  indicated  by  the 
frequent  tenuity  of  the  lateral  fasciole  and  by  the  suppression  of 
portions  of  it,  producing  the  'diffuse'  state  recognised  in  many 
well-preserved  specimens.  The  lateral  fasciole  may  therefore  be 
regarded  as  a  degenerate  and  disappearing  structure,  and  as  such 
it  seems  an  unsafe  character  on  which  alone  to  base  a  distinction 
between  two  forms  so  extraordinarily  alike  as  Trachy aster  and 
Idnthia.    This  was  the  opinion  of  Duncan  (1889). 

Fortunately  there  is  another  character,  far  more  fundamental  and 
far  more  constant,  and  this  lies  in  the  heteronomy  of  interradius 
1  on  the  actinal  surface,  as  described  by  Loven  (l^tudes  sur  les 
Echinoid6es,  pp.  50,  51 ;  1875),  and  as  first  introduced  into  the 
formal  diagnoses  by  Duncan  (1889).  According  to  these  two 
authorities,  the  heteronomy  in  Hemiaster  is  of  normal  type,  that 
in  Linthia  of  ancient  type.  It  is  greatly  to  be  regretted  that  sa 
little  attention  has  been  paid  to  this  feature  by  palsaontologiats, 
and  that  it  is  impossible  to  judge  from  either  descriptions  or  drawings 
how  far  the  normal  and  ancient  heteronomies  coincide  with  the 
absence  and  presence  respectively  of  a  lateral  fasciole.  Specimens 
of  Hemiaster  hufo  in  the  British  Museum  (registered  34662)  from 
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the  type-looality»  Havre,  show  nonnal  heteronomy.  It  is  desirable 
that  the  genotype  of  Linthia  also  should  be  examined  on  this  point. 
Till  that  has  been  done,  we  must  be  content  to  follow  the  diagnoses 
of  Danoan  in  this  respect  also. 

On  the  preceding  interpretation  of  the  genera,  the  specimens  from 
Garadimi  belong  to  ITemiaater.  While  the  peripetalous  fascicle 
of  A  is  visible  quite  clearly  in  places,  the  most  minute  and  prolonged 
scrutiny  has  failed  to  reveal  any  trace  of  a  lateral  fasciole.  Con- 
sidering, however,  that  its  absence  might  just  conceivably  be  due 
to  the  weathering  of  the  specimens,  I  investigated  the  structure 
of  the  actinal  surface,  with  the  result  that  in  B  there  was  traced 
normal  heteronomy  of  interradius  1.  Among  the  Tamaske  specimens,^ 
several  show  the  lateral  fasciole  passing  beneath  the  periproct,  and 
would  therefore  be  referred  to  Liuthia  by  most  palsoontologists. 
But  they  all  have  distinct  normal  heteronomy  (PI.  XI,  Fig.  12). 
Therefore  I  place  them  in  Hemiaaier,  At  the  same  time  I  have 
thought  it  advisable,  for  the  reasons  given  above,  to  compare  them 
with  species  of  Linthia  as  well  as  of  Hemiaster  (Trachyaster), 
Finding  nothing  under  either  name  with  which  they  could  be 
placed,  I  venture  to  refer  them  to 

ITemtaster  sudanensis,  n.sp.     (PI.  XI,  Figs.  6-13.) 

Diagnosis. — Ethmolysian,  with  4  gonopores  (=  Trachy aster) . 
Outline  elongate  subovoid,  with  slight  posterior  truncation  and  deep 
anterior  sulcus.  Length  100 ;  ^  greatest  width,  at  level  of  apical 
system,  which  is  eccentric  in  front,  from  95  in  young  to  87  in  adult ; 
greatest  height,  at  about  65  from  anterior  margin,  from  63*7  to 
71*8,  average  68'6.  Posterior  truncation  slopes  upwards  and 
inwards,  so  that  periproct  is  visible  from  above.  Posterior  interradius 
snbcarinate  above,  inflated  on  actinal  surface.  Margins  of  actinal 
surface  rounded,  so  that  ambitus  is  at  one-quarter  the  height  above 
base-plane.  Summit  depressed.  Anterior  ambulacral  groove  increases 
in  depth  towards  margin  and  continues  to  peristome.  Paired 
ambulacra  increase  in  depth  to  one-third  their  length  from  apex, 
and  then  decrease  to  almost  flush  at  ends  of  petals  ;  II  and  IV 
subtend  110^,  length  of  petals  about  53  to  45,  adult  number  of 
pore-pairs  in  series  26-28 ;  I  and  V  subtend  60°,  length  of  petals 
about  32  to  39,  adult  number  of  pore-pairs  in  series  19-21.  Pores 
conjugate,  mostly  elongate,  outer  twice  length  of  inner.  A  line  of 
miiiaries  on  the  intervening  ridges.  Peristome  depressed  anteriorly, 
with  a  projecting  labrum.  Periproct  broadly  lanceolate,  more  pointed 
above.  Primary  tubercles  crowded  on  dorsal  surface,  larger  on  actinal 
surface,  intermingled  with  secondaries  on  ambulacra  I  and  V ;  bosses 
finely  crenulate;  sorobicular  areas  depressed,  with  circle  of  miiiaries 
on  abactinal  surface,  but  with  an  inner  raised  rim  on  actinal  surface. 
Miiiaries  closely  set  on  all  intervening  space. 

Description  of  the  specimens. — A  (B.M. registered  E  4826) 
is  well  preserved,  with  some  adherent  hard  marly  matrix  ;  the  test, 

1  See  footnote,  p.  293.    Length  here  =  21-32*3  mm. 
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however,  is  abraded  on  the  actinal  sur&oe  and  on  the  right  posterior 
quarter  of  the  upper  sur&ce ;  this  is  the  holotype.  B  (E  4827)  is 
mach  more  abraded,  as  well  as  craoked ;  C  to  0  (E  483&-4846)  are 
mostly  well  preserved,  but  G  is  crashed. 

(General  Form. — ^The  subovoid  ambital  outline  is  oat  into  by  the 
anterior  groove  to  a  depth  of  2*3  mm.  in  A,  and  1*8  mm.  in  B,  and 
is  flattened  posteriorly  by  a  tranoation  aboat  9  mm.  wide  in  A« 
6*5  mm.  in  B.  Length  of  A,  80*5  mm.,  of  B,  25  mm.;  greatest 
width.  A,  26*6  mm.,  B,  22*1  mm. ;  greatest  height.  A,  21*9  mm., 
B,  18*2  mm. ;  distanoe  of  vertex  from  the  anterior  vertical  plane 
in  A,  19*5  mm.,  bat  sinoe  the  test  is  here  eroded,  it  may  have  beoi 
further  back,  as  in  B,  where  the  distanoe  is  about  16*5  mm.,  the 
ratios  to  length = 100  being  A,  64,  B,  66.  In  determining  the  vertical 
anterior  plane,  ambiguity  arises  from  the  fact  that  the  specimens  are 
not  bilaterally  symmetrical,  but  all  project  forward  more  on  tiie 
right ;  one  must  therefore  measure  from  where  this  plane  cuts  the 
sagittal  plane.^ 

Summit  depressed.  Interradii  swollen,  all  forming  a  strong 
convexity,  as  seen  in  transversal  section,  then  falling  away  rapidly 
to  the  ambitus,  which  is  at  one-quarter  the  height  above  the  base- 
plane.  In  this  species  the  base-plane^  is  touched  solely  by  the 
swollen  plastron  ;  and,  owing  to  the  asymmetry  above  noted, 
equilibrium  is  attained  in  these  specimens  only  when  they  have 
fallen  over  to  the  right ;  in  measuring,  therefore,  the  sagittal  plane 
must  be  fixed  at  right  angles  to  the  base-plane.  The  vertex  lies 
just  opposite  the  middle  of  the  posterior  petals;  from  it  the  sub- 
carinate  interradius  curves  gently  down  to  the  summit  of  the 
posterior  truncation. 

Actinal  surface. — Plastron  inflated,  especially  posteriorly,  with 
a  tendency  to  carination.  Margin  equably  rounded,  except  posteriorly 
ill  median  line,  in  ambulacra  I  and  V,  which  are  slightly  depressed, 
and  in  anterior  sulcus.     (PI.  XI,  Fig.  12.) 

Apical  System. — Gonopores  4,  conspicuous,  circular ;  anterior  pair 
smaller  than  posterior,  and  closer  together.  Genital  plates  of  each 
side  abut,  pushing  outwards  oculars  II  and  IV;  but  ocular  III  comes 
between  the  main  portions  of  genitals  2  and  3.  Genital  2,  however, 
stretches  backwards  in  a  madreporite,  between  and  far  behind 
genitals  1  and  4,  also  separating  oculars  Y  and  I,  while  genital  3 
sends  a  broad  tongue  down  to  the  madreporite.  The  system  is 
therefore  compact  and  ethmolysian.  Ocular  pores  very  small.  The 
centre  of  the  system,  or  apical  pole,  is  13*8  mm.  from  anterior  vertical 
plane  in  A,  12*4  mm.  in  B.  (PI.  XI,  Fig.  7.)  In  E  is  an 
abuormality,  gonopore  2  being  on  the  left  of  ocular  III. 

Ambulacra. — Anterior  feebly  developed ;  attains  a  width  of  4  mm. 
in  A.  In  the  proximal  5  pairs  of  plates  the  pores  are  not  dis- 
tinguishable ;  in  the  next  7  pairs  they  are  minute  and  wide  apart ; 

^  Since  noting  the  asymmetrv  in  Eemiaster  audanenstSf  I  have  detected  it  in 
specimens  of  the  genus  from  widely  separated  localities  and  horizons.  It  can  be  no 
mere  individual  abnormality. 

*  See  footnote,  p.  293. 
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after  that  none  are  distinguishable.  Pore-pairs,  not  conjugate^ 
slightly  oblique,  the  outer  pores  being  adapioal  and  depressed  in 
a  slight  peripodinm* 

The  paired  ambulacra  are  relatively  deeper  and  wider  in  B  than 
in  A,  suggesting  that  B  was  female  and  A  male.  They  are  almost 
straight,  sabpetaloid,  and  asymmetrioal,  the  anterior  half  of  II  and 
lY,  the  posterior  half  of  I  and  Y,  becoming  the  narrower  towards 
the  apex.  II  and  lY  subtend  110^.  Length  of  petal,  in  A,  13*5  mm. 
(distance  to  margin  along  curve  being  19*5  mm.),  in  B,  11*3  mm. 
(distance  to  margin,  14-8  mm.).  Greatest  width  in  A,  3*8  mm.  at 
about  4  mm.  from  distal  end  of  petal ;  in  B,  3*6  mm.  at  about 
5*3  mm.  from  end.  Width  at  distal  end  of  petal,  2*3  mm.  in  A, 
2*1  mm.  in  B.  Deepest  part  of  petal  at  6  mm.  from  apical  system. 
Poriferous  areas  broad,  extending  almost  to  outer  margin  of  ambu- 
lacrum, especially  on  posterior  side.  Pores  conjugate;  elongate^ 
except  2  adapioal  pairs  in  the  posterior  half.  7  adapioal  pairs  in  the 
anterior  half,  and  the  extreme  distal  pair,  all  of  which  are  circular. 
Outer  pore  of  each  pair  slightly  more  distal  and  twice  length  of 
inner  pore.  Height  of  ambulacrals,  *6  mm.  in  A,  *5  mm.  in  B.  In 
A  the  pores  lie  in  the  distal  half  of  each  plate,  and  the  proximal  half 
is  marked  with  a  line  of  six  miliaries ;  B  differs  in  having  the  pores 
nearer  the  middle  of  the  plate.  Each  series  contains  28  pore-pairs 
in  A,  26  to  27  in  B.  Interporiferous  area  narrow  (*75  mm.  in  A) 
and  slightly  grooved.     (PI.  XI,  Fig.  10.) 

Ambulacra  I  and  Y  subtend  60^  Length  of  petal,  in  A,  10  mm., 
in  B,  8*3  mm.  Greatest  width  at  about  half  the  length,  3*2  mm. 
in  A,  3*4  mm.  in  B.  Width  at  distal  end  of  petal,  2*2  mm.  Each 
series  contains  21  pore-pairs  in  A,  and  19  in  B;  of  these  the  3 
proximal  in  both  specimens,  the  3  distal  in  B,  and  the  extreme  distal 
in  A  are  circular.  In  all  other  respects  these  ambulacra  resemble 
II  and  lY. 

Interradials. — As  previously  stated,  B  affords  evidence  of  normal 
heteronomy  in  1.  The  number  of  petal-ambulacrals  abutting  on  an 
interambulacral  of  1  in  A  is  6.  The  small  labrum  is  succeeded  by 
two  large  stemals,  which  swell  up  to  the  median  line ;  at  the  end  of 
the  sternum,  about  15*5  mm.  from  the  peristome  in  A,  the  inter- 
radius  curves  gently  round  to  the  margin,  where  it  meets  the 
posterior  truncation.  These  structures  are  more  clearly  shown  in 
the  Tamaske  specimens  (PI.  XI,  Fig.  12). 

Peristome. — In  A  the  transverse  diameter  is  3*2  mm.,  the  sagittal, 
1*6  mm.  The  anterior  sulcus  is  continued  right  up  to  its  anterior 
margin,  which  is  7*6  mm.  from  the  anterior  vertical  plane.  Anteriorly 
and  laterally  is  a  slightly  raised  rounded  rim.  Posteriorly,  the 
labrum  projects  over  the  opening,  and  is  raised  about  1*4  mm.  above 
the  level  of  the  anterior  lip.     (Of.  specimen  I ;  PL  XI,  Fig.  12.) 

Periproct — Yertically  elongate,  broadly  lanceolate,  more  pointed 
above,  situate  at  upper  end  of  posterior  truncation,  at  about  11*5  mm. 
above  base-plane  in  A,  with  length  4*8  mm.,  and  width  3*3  mm.  i 

Ornament — Primary  tubercles  best  preserved  on  the  sides  of  the  J 

anterior  groove,  where  they  are  larger,  and  on  its  floor,  where  they  | 
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are  smaller.  They  appear  to  have  covered  thickly  the  whole  dorsal 
surface.  On  the  actinal  surface  they  are  rather  larger,  and,  on  the 
periplastronal  ambulacra,  are  interspersed  with  secondaries.  The 
bosses  are  low,  rounded,  and  where  well  preserved  finely  crenulate. 
No  signs  of  perforation  can  be  traced,  but  this  is  not  enough  to 
prove  that  the  tubercles  were  not  slightly  perforate.  Traces  of  the 
peripetalous  fascicle  are  clearly  seen  in  A,  crossing  the  anterior 
groove  at  15  mm.  from  the  apex,  and  at  the  end  of  petal  Y,  well 
beyond  the  poriferous  area ;  also,  less  clearly  at  the  end  of  petal  lY. 
There  is  not  the  smallest  trace  of  any  other  fascicle,  but  all  regions 
where  such  might  be  expected  are  crowded  with  tubercles. 

[On  the  other  hand,  all  the  Tamask6  specimens,  except  the  crushed  and  ahraded 
G  and  N,  show  the  lateral  fasciole  distinctly.  It  is  linear,  hut  incised,  continues  the 
line  of  the  peripetalous  fasciole  from  the  ends  of  petals  II  and  lY,  till  opposite  the 
ends  of  petals  I  and  Y  ;  here  it  dips  to  nearly  the  hase  of  the  posterior  tnmcation. 
The  posterior  tract  of  the  peripetalous  fasciole  leaves  the  main  line  about  the  middle 
of  int«rambulacral  series  Id  or  4a  respectively,  runs  parallel  to  petals  II  and  lY, 
then  parallel  to  the  lateral  fasciole,  till  it  reacnes  the  ends  of  petals  I  and  Y,  whence 
it  cuts  straight  across  the  carina  of  5  (PI.  XI,  Fig.  13).] 

Relations  to  other  species. — The  number  of  species  of  J7emta«fer 
is  large,  but  the  majority  are  either  distinctly  ethmophract,  or,  if 
^thmolysian,  have  less  than  4  gonopores.  Taking  those  that  remain, 
it  appears  that  our  species  differs  from  them  all  in  the  greater 
elongation  or  narrowness  of  the  adult  test,  and  from  most  also 
in  the  deep  excavation  of  the  ambitus  by  the  anterior  sulcus,  while, 
from  the  few  that  have  this  character,  it  differs  in  the  shallowness 
of  the  same  groove  near  the  apex.  One  or  other  of  these  features, 
combined  with  others  mentioned  in  the  diagnosis,  separates  it  so 
definitely  from  all  species  of  Trachyaster  type,  that  detailed  com* 
.parison  is  needless. 

In  general  form  the  Sokoto  fossils  approach  more  nearly  some 
species  of  Zinthia,  and,  in  view  of  a  possible  confusion,  the  differences 
may  be  pointed  out.  Thus  Zinthia  hisulca  Peron  &  Gauthier  has 
petals  more  equal  in  size  and  a  smaller  posterior  truncation ;  Cotteau's 
-figure  of  this  (Pal.  Franc,  torn,  cit,  pi.  Ixxx,  ^g.  5)  shows  neither 
the  heteronomy  said  to  characterise  Zinthia  nor  that  found  in 
Semiaster.  In  Z.  Cotteaui  Toumouer  and  Z.  dubia  Cotteau,  the 
posterior  truncation  is  vertical  and  the  periproct  invisible  from 
above;  in  the  latter  also  it  is  transversely  elongate.  L.  Pomdi 
Cotteau  is  rather  elongate,  but  the  angle  subtended  by  ambulacra  II 
and  IV  is  greater,  and  petals  I  and  V  are  much  longer.  Z.  Ducrocqui 
Cotteau  is  somewhat  elongate,  but  width  :  length  : :  95 :  100 ;  the 
posterior  truncation  slopes  downwards  and  inwards  so  that  the 
periproct  is  invisible  from  above;  the  pores  are  circular  and  not 
conjugate;  for  this  species  also  Cotteau's  figure  (tom.cit.,pl.lxvi,  fig. 3) 
does  not  show  ancient  heteronomy.  Z.  sindensis  Duncan  &  Sl^en 
has  a  greater  slope  to  its  posterior  truncation,  and  width  :  length  : : 
103 :  100.  No  other  species  of  Zinthia  seems  to  present  greater 
resemblances  than  do  those  mentioned. 

Evidence  as  to  age. — The  genus  JSiemiaater,  in  its  typical 
-ethmophract  form,  ranges  from  Cretaceous  times  to  the  present  day, 
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but  the  ethmolysian  form  did  not  appear,  bo  far  as  we  know,  till 
the  Eocene  period.  These  specimens  therefore  confirm  the  view 
that  the  stratum  from  which  they  came  is  of  Tertiary  age.  More 
than  this  it  were  not  safe  to  say. 

Qensbal  Gbologioal  Gonolusions. 

The  fossils  collected  by  Captain  Leiean  had  already  been  de- 
termined by  Mr.  Bullen  Newton  and  myself,  and  the  importance 
of  their  discovery  recognised,  before  I  learned  that  attention  had 
previously  been  drawn  by  Professor  A.  de  Lapparent^  to  similar 
fossils  collected  in  the  same  district  by  French  officers.  The 
following  are  the  main  facts  recorded  by  him. 

Echinoids,  which  may  or  may  not  have  been  of  the  same  age, 
were  collected  by  the  late  Captain  Pallier  near  Zinder  [450  km. 
W.  of  Lake  Chad,  and  about  the  same  distance  E.  of  Sokoto],  but 
have  since  been  lost.  Subsequently  Captain  Qaden  collected  at 
Tamask6,  400  kilometres  west  of  Zinder  [and  apparently  not  far 
from  Garadimi],  a  Nautilus  allied  to  N,  Lamareki  of  the  Calcaire 
grossier,  five  casts  of  Nerita  (Velates)  Schmideltana,  belonging  to 
the  variety  characteristic  of  the  Middle  Eocene,  and  four  Echinoids 
determined  by  Mr.  Victor  Gauthier  as  one  Plesiolampas  sp.  nondescr., 
one  Leiocidaris,  badly  preserved  but  clearly  of  Tertiary  age,  and  two 
specimens  of  Linthia  '*  so  closely  resembling  L.  Ducrocqui  Cotteau, 
of  the  Eocene  limestone  of  Saint- Palais  (Charente-Inf^rieure),  that 
it  is  hard  to  separate  them  from  it."  It  appears  that  the  Plesiolampas 
and  Leiocidaris  are  not  well  enough  preserved  to  be  capable  of 
description ;  otherwise  Professor  de  Lapparent  would  doubtless 
bave  included  in  his  paper  a  recognisable  diagnosis.  I  have,  there- 
fore, thought  it  advisable  to  publish  a  description  of  the  excellent 
specimens  brought  home  by  Captain  Leiean.  As  for  the  specimens 
of  Linthia,  it  occurred  to  me  that  Mr.  Gauthier  might  have  had 
before  him  the  same  species  as  that  found  by  Captain  Leiean  and 
described  above  as  Eemiaster  sudanensis.  But,  for  the  reasons 
already  given,  I  am  unable  to  consider  our  specimens  as  resembling 
X.  Dueroequi,  or  even  as  belonging  to  the  genus  lAnthia. 

[Examination  of  the  Tamask^  specimens  presented  by  Captain  Foulkes  necessitates 
no  modification  of  the  preceding  remarks.] 

It  is  therefore  interesting  to  find  that,  just  as  the  French  and 
English  observers  in  the  field  independently  made  similar  discoveries, 
«o  the  palsBontologists  of  the  two  countries  have  independently 
arrived  at  similar  conclusions,  each  confirming  the  other. 

To  French  observers  are  also  due  other  recent  discoveries,  whicb 
throw  much  light  on  the  geological  history  of  the  present  specimens. 
The  occurrence  of  PlesiolampaSy  a  genus  hitherto  unknown  outside 
Sind,  suggests  a  continuous  westward  extension  of  the  Eocene  Indian 
Ocean ;  and  this  idea  is  confirmed  by  an  Egyptian  fossil  of  the  same 

*  **  Smr  les  traces  de  la  mer  Int^tienne  au  Soudan,**  C.R.  Acad.  Sci.  Paris,  cxxxyi, 
pp.  1118-1120;  11  May,  1903;  and  **Sur  de  nouveaux  f ossiles  du  Soudan,'*  torn, 
cit.,  pp.  1297-8;  2  June,  1903. 
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age,  identified  by  Mr.  Qautbier  as  Plenolampaa.  That  a  large  part 
of  the  intervening  area  was  filled  by  the  Lutetian  sea  is  proved  by 
the  ooourrenoe  of  Nautili  and  Eohinoidea,  believed  by  Captain  Gktden 
to  be  of  the  same  species,  at  Zinder  and  in  Damergu,  where  the 
beds  are  more  marly.  Professor  de  Lapparent  further  recalls  the 
occurrence  of  Echinolampas  of  Lutetian  age  at  Dakar  [near  Cape^ 
Verde],  and  supposes  the  inward  extension  of  an  Atlantic  Oulf  on 
this  side.  If  the  Eocene  limestones  and  mads  ever  extended 
northwards,  they  have  now  been  denuded,  and  in  their  stead  are 
found  outcrops  of  Cretaceous  rock,  which  have  in  Damergu  yielded 
to  Captain  Gaden  an  ammonite  allied  to  the  Taronian  MammiteB 
and  Vascoceraa,  while  460  km.  north  of  Lake  Chad,  at  Bilma, 
Colonel  Monteil  found  an  echinoid  of  Maestrichtian  age,  described  by 
Mr.  y.  Gauthier  ^  as  NoetHngia  Monteili.  This  fossil  also  indicated 
a  connection  with  north-west  India.  The  same  connection  may 
have  remained  open  for  several  geological  ages ;  and  while,  on  the 
one  hand,  the  Lutetian  sea  may  have  extended  northwards  over 
Bilma  and  even  into  the  Libyan  desert,  so  on  the  other  hand  the 
Cretaceous  rocks  may  pass  southwards  and  underly  the  Lutetian  of 
Sokoto  and  Damergu. 

The  modesty  of  the  English  officers  of  the  Niger-Chad  Boundary 
Commission  will  be  the  less  ofifended,  and  my  own  awkwardness 
the  less  exposed,  if  Professor  de  Lapparent  will  permit  me  to  borrow 
his  concluding  paragraph,  all  but  one  word :  "  Je  crois  devoir 
terminer  en  exprimant  une  vive  gratitude  h  Tegard  des  vaillants 
officiers  qui,  sous  un  ciel  de  feu,  au  milieu  de  fatigues  et  de  pre- 
occupations de  toute  sorte,  ne  negligent  pas  de  recueillir  au  passage, 

pour  le  plus  grand  bien  de  la  Science ,  des  documents 

d'un  pareil  interct." 

DESCRIPTION   OF  PLATE  XI. 
Plksiolampas  Sahabje. 
Fio.  1 .    Tubercular  ornament  on  an  interradius  of  abactinal  surface  of  D :  X  10  diam^ 
,,     2.    Apical  system  of  A :   x  10  diam. 

,,     3.    Tubercular  ornament  on  an  intenradias  of  actinal  surface  of  D :   X  10  diam. 
,,    4.     Distal  end  of  petal  IV  of  A,  surface  abraded :   x  3  diam. 
,,     5.     Distal  region  of  petal  III  of  A  :   x  3  diam. 

HbMIASTER  8UDANENSI8. 

Fio.  6.  Abactinal  surface  of  A :  nat.  size. 
,,  7.  Apical  sj-stem  of  A :  x  10  diam. 
,,      8.    Posterior  view  of  A :  nat.  size. 

,,      9.    Distal  end  of  petal  V  of  A,  showing  fasciole :   X  5  diam. 
,,     10.     Distal  region  of  petal  II  of  A :   x  5  diam. 
,,     11.    Left  side  view  of  A  :  nat.  size. 
,,     12.    Actinal  surface  of  specimen  I,  mainly  to  show  normal  heteronomy: 

X  2  diam. 
,,    13.    View  of  U  from  left  posterior  interradius,  to  sbow  peripetalous  and  lateral 

fascioles :  nat.  size. 

1  Bull.  Soc.  Geol.  France  (4),  i,  p.  189 ;  1901.  See  also  A.  de  Lapparent,  C.B. 
Acad.  Sci.  Paris,  cxxxii,  p.  388;  1901. 
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IV. — Note  on  a  new  Fossiliferous  Limestone   in  the  Upper 
CuLBi  Measures  of  West  Devon. 

By  Inkbbmann  Roobbs,  and  £.  A.  Nbwbll  Abber,  M.A.,  F.L.S.,  F.6.S. 

AT  the  present  time  we  are  only  fully  acquainted  with  the 
geology  and  palsBontology  of  one  division  of  the  great 
Carboniferous  Series  developed  in  Devon  and  the  adjacent  oounties^ 
tiie  Lower  Culm  Measures.  This  division,  while  representing  only 
a  small  fraction  of  thickness  of  the  Culm  Measures  as  a  whole, 
is  of  special  interest  both  lithologically  and  pal»ontologically,  as 
was  shown  by  Messrs.  Hinde  &  Fox^  in  an  admirable  paper 
published  in  1895.  Above  the  limestones  and  cherts  of  the  Lower 
Culm  Measures  lie  the  great  thickness  of  sandstones  and  shales 
which  constitute  the  Upper  of  the  twofold  primary  division  of  these 
rocks  instituted  by  Sedgwick  &  Murchison  ^  in  1840.  The  Upper 
Culm  Measures  occupy  an  area  of  more  than  1,000  square  miles, 
and  are  of  Upper  Carboniferous  age. 

With  the  exception  of  the  researches  of  the  late  Townshend  Hall, 
and  more  recently  of  Mr.  Ussher,  comparatively  little  has  been 
added  to  our  knowledge  of  these  beds  since  the  days  of  Sedgwick  & 
Murchison,  and  of  De  la  Beche.  An  inquiry  with  r^ard  to  the 
palaeontology,  and  more  especially  the  palceobotany,  of  these  rocks 
has,  however,  been  in  progress  for  some  time  past,  with  the  result 
that  sufficient  material  has  been  gathered  for  a  contribution  to  the 
fossil  flora  of  the  Upper  Carboniferous  rooks  of  Devon,  which  it 
is  hoped  will  be  published  shortly  by  one  of  us.  While  examining 
the  sandstones  and  shales  of  this  series,  other  discoveries  have  been 
made,  incidental  to  the  work  of  collection  of  plant-remains.  Among 
these  the  discovery  of  fossiliferous  calcareous  nodules,  and,  in  one 
locality,  of  a  limestone  band,  seems  to  warrant  special  notice. 

So  far  no  limestones  have  been  known  to  occur  in  the  Upper 
Culm  Measures.  Even  in  the  Lower  Carboniferous  portion  of  the 
Culm  Measures  the  general  absence  of  calcareous  deposits  is  somewhat 
sharply  contrasted  with  the  Lower  Carboniferous  sequence  developed 
elsewhere  in  Britain.  Limestones  do,  however,  occur  in  this  series. 
They  form  inconstant  and  impersistent  bands,  seen  at  Swimbridge 
and  Venn  near  Barnstaple,  and  in  other  localities,  and  are  generally 
believed  to  underlie  the  Coddon  Hill  beds,  though  Mr.  Ussher* 
is  inclined  to  regard  them  as  superior  to  the  cherts.  On  the  other 
hand,  the  only  calcareous  sediments  known  from  the  Upper  Culm 
Measures  are  the  calcareous  shales  and  shaly  nodules  containing  fish 
and  Ooniatite  remains  occurring  at  Instow,  near  the  junction  of 
the  Taw  and  Torridge,  which  were  described  in  1876  by  the  late 
Townshend  Hall  ^  in  the  Qeologioal  Magazine.  i 

The  Instow  beds  lie,  so  far  as  we  have  been  able  to  ascertain, 
near  the  base  of  the  Upper  Culm   Measures,  and,  although  the 

*  Hinde  k  Fox:  Quart.  Joum.  Geol.  Soc.,  vol.  11  (1895),  p.  609. 

'  Sedgwick  &  Murchison :  Trans.  Geol.  Soc..  ser.  u,  toI.  y  (1840),  p.  633. 

'  Ussher:  Proo.  Somenet  Arch,  and  Nat.  Hist.  Soc.,  toI.  xxzviii  (1892),  p.  121. 

*  HaU :  Gbol.  Mao.,  Dec.  II,  Vol.  Ill  C1876),  p.  410. 
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distriot  has  been  thoroaghly  searohed  by  one  of  us,  we  have  been 
unable  to  find  any  other  caloareous  rooks.  Such  deposits  have  also 
proved  to  be  absent  on  the  higher  horizon  in  which  the  impure  coal 
or  culm  occurs  in  the  neighbourhood  of  Bideford.  The  thorough 
examination  of  these  beds,  which  has  been  made  during  the  collection 
of  the  plant-remains  already  mentioned,  has  not  resulted  in  the 
discovery  of  any  trace  of  a  calcareous  nodule. 

More  recently  attention  has  been  turned  to  yet  higher  beds  in 
the  Upper  Culm  Measures,  which  are  stated  by  Mr.  Ussher^  to 
be  somewhat  dissimilar  to  the  Culm  Measures  of  the  Bideford 
district,  and  which  he  has  distinguished  as  the  Eggesford  OriU. 
In  this  work  we  have  been  assisted  by  a  grant  recently  made 
to  one  of  us  by  the  Royal  Society  Government  Grant  Committee, 
and  we  may  here  express  our  great  indebtedness  for  the  removal 
of  many  difficulties  by  this  means. 

The  Eggesford  grits  of  Mr.  Ussher  consist  of  even-bedded  sand- 
stones and  shales,  and  these  may  be  studied  in  the  fine  coast-section 
between  Portledge  Mouth  and  Windbury  Point,  a  district  which 
may  be  conveniently  termed  the  Clovelly  distriot.  This  portion 
of  Devon  is  practically  unexplored  geologically.  With  the  exception 
of  a  brief  notice  of  the  Culm  Measures  near  Clovelly,  published 
by  Conybeare '  in  1814,  there  is,  so  far  as  we  are  aware,  no  evidence 
to  show  that  it  has  ever  been  studied  in  detail.  It  may  be  pointed 
out  that  Conybeare  makes  no  mention  of  any  calcareous  deposits, 
although  such  occur  within  a  few  yards  of  Clovelly  pier.  Fengelly ' 
and  Townshend  Hall  also  overlooked  these  beds,  although  well 
acquainted  with  the  district 

Calcareous  nodules  have  recently  been  found  in  several  localities 
along  the  coast  to  the  west  of  Clovelly.  They  occur  a  short  distance 
'  from  Clovelly,  also  below  Gallantry  Bower  (on  the  south-east  side), 
and  they  have  been  found  in  association  with  the  limestone  described 
here  near  Mouthmill,  and  also  beyond  Mouthmill  in  Beckland  Bay 
on  the  western  side  of  Windbury  Point*  They  are  found  in  certain 
beds  of  shale,  usually  of  1-2  feet  in  thickness,  which  alternate 
with  the  sandstones.  The  nodules  are  oval  in  form  and  of  all  sizes, 
a  rather  large  nodule  measuring  nine  inches  or  more  along  its 
greater  axis.  They  effervesce  freely  with  acid,  and  are  crowded 
with  casts  of  Goniatites,  similar  to  those  mentioned  below,  which 
are  often  preserved  in  calcite,  although  usually  in  rather  indifferent 
preservation.  The  thickest  of  these  oonglomeratic  beds  is  that 
associated  with  the  limestone  band  at  Mouthmill. 

In  one  locality  the  nodular  beds  are  overlain  by  a  thin  band  of 
limestone,'  which  is  of  special  interest  as  being  the  only  limestone 

1  Ussher:  Trans.  Inst.  Min.  Engineers,  toI.  xx  (1901),  p.  362;  see  also  the 
excellent  geological  map  of  Devonshire  on  pi.  xri. 

»  Conybeare:  Trans.  Geol.  Soc.,  ser.  i,  yol.  ii  (1814),  p.  495. 

3  Pengelly:  Trans.  Devon  Assoc.,  vol.  xvii  (1886),  p.  425. 

^  The  Western  Coast  Section  has  not  as  vet  oeen  explored,  but  calcareous  nodules 
have  been  found  a  short  distance  to  the  sou£h  of  Hartland  Point. 

>  The  limestone  was  discovered  by  Mr.  Rogers  in  August,  1903,  when  searching 
for  plant-remains  on  my  behalf .—£.  A.  N.  A. 
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known  in  the  Upper  Calm  Measnres.  Some  300  yards  from  Blaok- 
cbarch  Rook  and  Moathmill,  and  about  one  and  a  half  miles  by  the 
ooa8t  to  the  west  of  Olovelly,  the  even-bedded  grits  and  shales, 
which  in  this  neighbourhood  consist  of  alternating  beds  of  a  few 
feet  in  thiokness,  are  thrown  into  a  well-preserved  sharp  anticlinal 
fold.  This  anticline  differs  from  the  others  which  are  found  all  along 
this  coast,  by  the  fact  that  a  thick  bed  of  splintery  shale  occurs 
i)etween  the  grits,  and  resting  on  this  shale  is  an  inconstant  and 
impersistent  band  of  limestone.  The  axis  of  the  anticline  lies 
roughly  east  and  west.  The  crest  is  faulted  with  a  downthrow  of 
one  or  two  feet,  or  perhaps  more,  to  the  north ;  the  faulting  being 
obscured  in  the  lower  portion.  At  the  base  of  the  anticline,  a  fine- 
grained sandstone  is  seen,  similar  in  character  to  the  other  sandstones 
in  the  neighbourhood.  Next  in  order  comes  the  thick  bed  of  shale, 
which  is  somewhat  obscured  below,  and  consequently  its  exact 
thickness  is  difficult  to  ascertain.  It  is  probably  more  than  ten  feet 
thick.  Near  the  top  of  the  shale,  on  the  northern  side  of  the 
anticline,  numerous  calcareous  nodules  occur.  These  begin  at 
a  distance  of  two  to  three  feet  from  the  summit  of  the  bed,  the 
lower  nodules  being  smaller  and  more  scattered,  whereas  those 
near  the  top  of  the  bed  are  larger  and  crowded  together.  On  the 
opposite  side  of  the  anticline  the  nodules  are  equally  prominent 
and  abundant. 

On  the  northern  side,  the  highest  bed  seen  is  a  dark-coloured 
limestone,  from  9  to  20  inches  in  thickness,  resting  on  the  con- 
glomerate described  above.  The  limestone  is  also  seen  near  the 
crest  on  the  southern  side  of  the  anticline,  where  it  is  overlain  by 
sandstones  and  shales  of  the  usual  type.  It  is,  however,  impersistent, 
and  does  not  occur  at  the  base  of  the  anticline  on  this  side,  where  the 
sandstones  rest  directly  on  the  shales  with  nodules.  A  microscopic 
section  of  the  limestone  has  been  very  kindly  examined  for  us  by 
Mr.  Howe,  who  has  confirmed  the  conclusion  that  this  rook  may  be 
oorrectly  termed  a  limestone.  It  may  be  also  remarked  that  there 
appears  to  be  here  a  gradual  transition  from  an  arenaceous  rock 
with  little  or  no  calcareous  material  to  a  fairly  pure  limestone. 
Whether  this  is  really  the  case  or  not,  we  must  leave  to  those 
who  possess  a  more  special  knowledge  of  petrology  to  determine. 

The  limestone  and  the  calcareous  nodules  contain  numerous  casts 
of  Cephalopoda  and  Lamellibranchs.  We  are  indebted  to  Mr.  Crick, 
and  to  Dr.  Wheelton  Hind,  for  the  determination  of  the  following 
species : — 

Oattrioceroi  earhonarium  (von  Biich).         Dimorphocerat  Gilbertsoni  (PhilL). 
Oatirioeeraa  Listeri  (Martin)  P  Ortkoeeraty  sp. 

Fterinopeeten  (Avieulopeeten)  papyraeeus  (Sow.). 

The  same  species  of  Oastrioceras  were  obtained  by  the  late 
Townshend  Hall  from  the  calcareous  shales  at  Instow,  already 
mentioned ;  and  his  specimens  are  now  in  the  Qeologioal  Department 
of  the  British  Museum  (Nat  Hist.).^    These  species  have  also  been 

^  Begistered  nambers  C.  1613  and  0. 1613a,  sea  Hinde  &  Fox,  ib.^  p.  655,  table  ii. 
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fouDd  by  us  in  the  same  beds  at  lostow  quite  recently.  These, 
and  two  fish-remains  from  Instow,  CcsHacanthus  elegam,  Newb., 
and  Elonichthys  AOkeniy  Traq.,  also  in  the  British  Masenm  ^  are 
praotioally  all  the  determinations,  with  the  exception  of  plant- 
remains,  which  have  so  far  been  made  from  the  Upper  Calm 
Measures  of  Devon. 

In  conclusion,  we  believe  that  the  oalcareous  nodules  and  the 
limestone  of  the  Glovelly  district  belong  to  a  much  higher  horizon 
in  the  Upper  Culm  Measures  than  the  Instow  beds.  Whether  the 
nodules,  now  found  in  a  number  of  scattered  localities  in  the  former, 
are  really  confined  to  a  single  bed,  or  occur  on  different,  but  not 
distant,  horizons,  we  are  unable  to  asoertain,  as  the  severe  folding, 
faulting,  and  crushing  which  the  rocks  have  undergone  render  it 
rarely  possible  to  trace  any  bed  for  more  than  a  few  yards.  At 
any  rate,  the  occasional  occurrence  of  calcareous  nodular  beds  seems 
to  be  in  some  measure  characteristic  of  the  Culm  Measures  of  the 
Clovelly  district. 

It  would  seem  that,  in  Devonshire,  marine  Cephalopoda  such  as 
Oaatrioeeras  carhonarium,  which  are  usually  regarded  as  more 
restricted  vertically  than  other  palssontologioed  types,  have  a  con- 
siderable range  in  the  Upper  Culm  Measures,  occurring  in  what 
are  probably  the  lowest  and  highest  beds  of  that  series.  It  may 
be  also  pointed  out  that  the  occasional  occurrence  of  marine  calcareous 
bands  is  an  important  point  of  agreement  between  the  Upper  Colm 
Measures  and  the  Coal-measures  of  other  British  coalfields,  more 
especially  those  of  North  Staffordshire '  and  South  Lancashire.' 


V. — On  the  OBiaiN  op  certain  Pegmatite  Veins. 
By  J.  ViNCBNT  Elidin,  B.Sc,  F.G.S. 

DURING  a  visit  to  the  South  of  Sweden  in  the  Summer  of  1902 
I  noticed  the  frequent  occurrence  in  granite  of  pegmatite  veins 
showing  a  succession  of  small  but  very  regular  foldings,  which, 
however,  did  not  affect  the  parent  rock.  In  sett  quarries  where 
these  folded  veins  existed  the  rift  of  the  rock  was  perfectly  r^^lar 
on  each  side  of  the  pegmatite,  proving  conclusively  to  my  mind  that 
the  contortion  of  the  veins  took  place  prior  to  the  consolidation  of 
the  main  mass.  The  granite  of  this  district  occupies  a  wide  area,, 
and  possesses  a  very  uniform  mineralogical  constitution,  although  it 
varies  much  in  texture  between  a  rather  coarse-grained  granitite 
and  a  fine-grained,  compact,  gneissose  rock  possessing  well-marked 
foliation.  The  pegmatite  veins  are  fairly  numerous,  but  are  generally 
rather  insignificant  in  width,  occasionally  thinning  out  to  mere 
streaks  not  more  than  a  few  inches  in  thickness. 

The  origin  of  pegmatite  veins  has  been  much  discussed,  but  most 
of  the  various  theories  hitherto  advanced  almost  invariably  attribute 

1  Registered  numbers  P.  6100,  P.  6379,  and  P.  6268. 
a  Ward:  Geol.  Mao.,  Vol.  II  (1865), pp.  234  and  286. 


»  Hull  &  Green,  Trans.  Manch.  Geol.  Soc.,  rol.  iii  (1862),  p.  348 ;  and  Hull  & 
Salter,  "Geology  of  the  Country  round  Oldham,"  1864,  p.  64. 
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them  to  the  infilling  of  craoks  and  fissures  formed  subsequently  to 
the  consolidation  of  the  parent  rook.  Charpentier,  in  his  examination 
of  the  Pyrenees  in  1823,  oonoeived  the  view  that  pegmatites  are 
true  fissure  veins,  injected  by  portions  of  the  still  fluid  part  of  the 
magma  from  below.  This  view  has  been  largely  adopted  by  the 
Frenoh  geologists,  and  also  by  De  La  Beche  in  this  country,  and  by 
Naumann,  Oumbel,  and  others  in  Germany.  Such  veins  would 
iseem  to  form  the  **  Jnjectionsschlieren "  of  Beyer,^  and  are  similar 
to  what  are  sometimes  termed  contemporaneous  veins.  De  Saussure, 
O.  vom  Bath,  and  others,  however,  maintained  that  these  veins  were 
•deposits  from  watery  solutions;  while  Forchhammer,  Sandberger, 
and  Credner  advocated  the  theory  of  lateral  secretion,  involving  the 
assumption  that  pegmatite  veins  are  true  fissures  filled  up  with 
minerals  leached  out  from  the  surrounding  rock.  Rosenbusch' 
associates  pegmatite  veins  with  drusy  and  miarolitic  structures,  or 
vein-like  cavities  filled  up  by  secondary  crystallisation,  a  view  also 
briefly  suggested  by  TealL'  Later  observers  have  modified  these 
theories  with  a  view  to  the  explanation  of  the  marked  acidity  of 
pegmatite  veins  in  comparison  with  that  of  the  parent  rock.  Thus 
Brdgger,  in  his  well-known  work  on  the  rocks  of  the  Ohristiania 
district,*  found  evidence  to  show  that  these  veins  represent  true 
eruptive  outpourings,  the  last  aufyre8$tmgen  of  a  differentiated  magma 
basin.  This  view  somewhat  corresponds  to  the  hy$ierogeneUichs 
achlieren  of  Beyer,  or  the  auBseheidungsirHmmer  referred  to  by 
Salkowsky^  in  his  description  of  the  pegmatites  in  the  granulite 
of  Saxony.  Lat^r  observations  of  Messrs.  Gunn,  Hinxman,  Barrow, 
Kynaston,  Olough,  Ounningham-Oraig,  and  Wilson,  in  the  Highlands 
of  Scotland,'  have  led  in  the  majority  of  cases  to  the  conclusion  that 
the  pegmatite  veins  are  subsequent  intrusions,  although  in  a  few 
cases  they  are  referred  to  as  of  segregative  origin;  but  whether 
these  segregations  were  of  a  magmatic  type  or  merely  the  results  of 
subsequent  metamorphism  is  not  always  clearly  indicated.  Eeilhau, 
writing  in  1838  on  the  Christiania  pegmatites,  attributed  them  to 
simultaneous  separations  of  the  surrounding  eruptive  mass,  and  not 
to  the  filling  up  of  fissures;  but  no  one,  so  far  as  I  am  aware,  has 
described  evidence  of  the  original  existence  of  such  veins  in  the 
form  of  acid  streaks  in  a  viscous  magma,  prior  to  consolidation. 

The  remarkable  agreement  in  the  characters  of  pegmatite  veins  in 
widely  separated  areas  points  to  some  general  law  governing  their 
mode  of  origin.  It  is,  therefore,  somewhat  strange  that  the  views 
advanced  concerning  their  formation  should  still  remain  so  much  at 
variance.  It  seems  at  least  certain  that  the  pegmatites  of  Blekinge 
province,  in  Sweden,  present  peculiarities  which  absolutely  preclude 
the  suggestion  that  these  are  subsequent  fissure  injections  of  the 

'  See  Zirkel,  "  Lehrbnch  der  Petrographie,"  vol.  i,  p.  787  et  seq. 
'  Mikroskopische  Physiographie  d.  Mass.  Gesteine,  ii,  p.  39. 
»  "  British  Petrography,"  p.  291. 

*  **  Die  Mineralien  oer  Syenit  pegmatitgaage,'*  etc.,  Leipzig,  1890. 
»  Zeit.  d.  d.  geol.  Ges.,  vol.  xxxiu  (1881),  p.  653. 

•  See  **  Sttmmaiy  of  Progress,"  1899,  1900,  1901,  1902. 
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type  described  by  Brogger  in  tbe  Cbristiaiiia  district.  Unfortuiiately,. 
the  time  at  my  disposal  did  not  allow  an  exhaustive  examination  of 
this  large  district,  and  my  present  remarks  are  written  rather  with 
the  hope  of  eliciting  further  information  than  with  any  claim  to  the 
establishment  of  a  final  conclusion. 


Fio.  1. — Contorted  pegmatite  vein  in  ^nite,  Gungvala,  near  Carlshamn,  Sweden* 
Scale,  1  inch  =  2  feet. 

At  Oungvala,  on  the  railway  running  inland  from  Carlshamn, 
I  saw  thin  pegmatite  veins,  often  not  more  than  a  few  inches  wide, 
sharply  folded  as  in  the  accompanying  diagram  (Fig.  1).  Tbe 
amplitude  of  the  folds  is  seldom  more  than  a  couple  of  feet,  but 


Fio.  2. — Folded  pegmatite  in  a  sett  quarry,  Gungvala,  Sweden.    The  parallel  lines 
are  joint  planes.    Scale,  1  inch  =10  feet. 

there  is  ;:io  sign  that  these  folds  influence  the  parent  rock.  A  striking 
example  is  shown  in  Fig.  2,  where  the  folds  taper  downwards, 
diminishing  in  amplitude,  while  the  veins  themselves  contract  in 
vndth.  The  junction  between  the  granite  and  pegmatite  is  clean 
and  complete,  without  any  druses  or  other  interruptions  that  could 


Digitized  by  VjOOQ  IC 


J.  V,  Ekden— Origin  of  Pegmatite  Veins.  311 

be  disooTered.  As  previously  stated,  well-defined  rifts  exist  in  the 
granite.  These  rifts  run  not  only  parallel  to  the  joint  planes,  but 
also  along  well-defined  though  faint  foliation  planes  in  the  granite, 
usually  cutting  transversely  aoross  the  direction  of  the  folded 
pegmatites.  I  do  not,  therefore,  think  it  possible  that  there  can  be 
any  mistake  in  the  conclusion  that  the  folding  of  the  pegmatites 
occurred  before  the  main  mass  crystallised. 

In  the  Morrum  district,  a  few  miles  to  the  south-west,  similar 
phenomena  can  be  observed,  but  here  the  pegmatites  ara  sometimes 
disposed  in  very  regular  planes,  about  six  feet  apart,  parallel  to  the 
well-defined  foliation  in  the  parent  rock.  Whether  these  are  un- 
oontorted,  or  whether  they  owe  their  appearance  to  being  cut 
transversely,  viz.,  parallel  to  the  axes  of  the  folds,  is  not  certain. 
At  Matvik,  on  the  coast,  a  few  miles  east  of  Oarlshamn,  I  noticed 
similar  veins  of  pegmatite,  parallel  to  highly  inclined  foliation  planes, 
dividing  so  as  to  enclose  a  *  horse '  of  the  country  rock,  but  without 
any  disturbance  of  the  regular  foliation  of  the  parent  mass.  Very 
striking  relations  between  the  folded  veins  and  the  foliation  planes 
of  the  granite  were  seen  at  Efilleron,  to  the  west  of  Carlshamn. 
Here  the  appearance  was  as  represented  in  Fig.  3.    It  is  difficult  to 


Fig.  3. — Contorted  pegmatite  in  gneiss,  Kiilleron,  near  Carlshamn,  Sweden.    The 
double  arrow  indicates  direction  of  foliation  of  the  gneiss.    Scale,  about  ^. 

escape  from  the  conclusion  that  the  pressure  which  induced  the 
foliation  also  operated  in  the  production  of  the  contortions  in  the 
pegmatites  while  the  mass  was  still  in  a  viscous  condition.  Nor  can 
any  theory  of  subsequent  vein  filling  adequately  account  for  the 
phenomena.  It  must  be  mentioned,  also,  that  the  pegmatite  veins 
are  not  themselves  foliated,  which  is  probably  to  be  attributed  to  the 
fact  that  the  solidification  of  the  veins  took  place  subsequently,  under 
di£ferent  conditions  from  those  prevailing  during  the  crystallisation 
of  the  main  rock,  as  I  shall  endeavour  to  explain  later.  This  result 
might  readily  be  produced  if  we  assume  that  the  foliation  was 
produced  by  a  gentle  shearing  force  at  a  time  when  the  minerals  of 
early  consolidation  were  already  formed,  while  the  substance  of  the 
veins  still  remained  in  a  state  of  viscous  fluidity.  This  would  also 
account  for  phenomena  noticed  in  the  neighbouring  island  of  Giinon, 
where  the  foliation  planes  appear  to  be  slightly  deflected  by  contact 
with  the  margins  of  the  pegmatites.    Nearer  Carlshamn  I  saw  many 
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other  examples  of  similar  oontortions,  as  also  in  the  distriot  aroand 
Solveshurg,  from  which  locality,  at  Siritorp,  I  noted  the  appearance 
represent^  in  Fig.  4. 

The  explanation  demanded  hy  these  phenomena  seems  to  he  that 
the  granite  magma  was  traversed  hy  streaks  and  hands  of  different 
composition  from  it.  Now  a  streaky  or  handed  magma  can  only 
occur  in  one  of  two  ways.  It  may  he  due  to  the  unequal  mixing  of 
the  magma  in  the  first  instance,  forming  the  so-called  eonstiltUion$- 
sehlieren,  or  mischiMgisehlieren  of  Beyer ;  or  it  may  he  caused  hy  an 
originally  homogeneous  magma  hecoming  streaky  in  the  final  stages 
of  its  existence  in  a  molten  state.  With  regard  to  the  first  of  these 
causes,  we  are  reminded  of  the  phenomena  ohserved  in  the  process 
of  glass  manufacture,  and  of  the  difficulty  experienced  in  ohtaining 
glass  free  from  striation  or  wreath.  It  would,  however,  he  very 
difficult,  on  such  an  assumption,  to  explain  why  the  strise  are  so 
uniform  in  mineralogical  character ;  so  that  we  are  driven  to  a  con- 
sideration of  the  second  hypothesis. 


Pio.  4. — Pegmatite  vein  in  granite  at  Siritorp,  near  Solvesburg.    Scale,  1  inch  = 

4  feet. 

An  examination  of  a  numher  of  thin  slices  prepared  from  the 
ahove-mentioned  rocks  throws  light  upon  the  order  of  the  different 
consolidation  phases.  The  normal  rock  has  a  simple  constitution. 
Biotite  and  sphene  are  the  chief  products  of  the  earliest  crystallisa- 
tion; while  felspar,  chiefly  miorocline,  and  quartz  seem  to  have 
struggled  together  for  the  mastery  in  the  final  stages.  Accessory 
minerals,  such  as  occasional  hornhlende,  some  magnetite,  apatite, 
and  a  little  zircon  do  not  occur  in  sufficient  quantity  to  affect  the 
character  of  the  rock,  and  the  same  may  he  said  of  certain  pneumato- 
lytic  minerals,  of  which  chalcopyrite  is  the  most  conspicuous 
example.  Dark  hasic  secretions  are  ahundant,  and  are  distinguished, 
like  the  pegmatites,  hy  evidences  of  considerahle  movement  during 
consolidation.  They  are  frequently  drawn  out  into  irregular  elon- 
gated forms,  and  at  Hasteryd  they  may  he  seen  pressed  out  into 
lenticles  along  the  foliation  planes.  These  dark  patches  are  typical 
quartz  diorites,  containing  an  ahundance  of  well-formed  brown 
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iiornblende,  biotite,  plagioolase,  some  orthoolaae,  and  a  little  (Quarts* 
No  miorooline  was  observed  in  tbe  slioes  examined..  These. dark 
segr^ations,  therefore,  differ  essentially  from  the  normar  rock,  and 
may  be  safely  regarded  as  a  result  of  the  first  phase  of  ct^solidation. 
The  deformation  of  these  basio  seoretions  is  in  aooord  with  previous 
•observations  in  other  localities/  and  would  be  expected  to  occur 
under  the  influence  of  magmatic  movements.  Although  these  dark 
patches  are  usually  regarded  as  true  results  of  magmatic  segregation, 
the  primdren  au8$eheidung8$chlieren  of  Zirkel,  it  may  be  mentioned 
that  Beyer  and  others  regard  even  these  as  having  resulted  from  an 
original  imperfect  mixing  of  a  more  or  less  heterogeneous  magma. 
The  junction  between  them  and  the  normal  rock  is  well  defined,  and 
in  a  slide  showing  the  contact  the  transition  is  sudden  from  the 
diorite  to  the  microcline  granitite. 

Passing  now  to  the  pegmatites,  these  are  very  coarsely  crystalline 
mixtures  of  laige  microcline  crystals  and  quartz,  representing  the 
pegmatite  of  Haiiy,  although  there  is  not  any  conspicuous  orientation 
of  the  quartz.  Accessory  minerals  are  not  altogether  wanting,  and 
in  some  examples  the  pneumatolytic  species  seem  to  be  more 
abundant  than  in  the  parent  rock,  a  feature  which  was  also  noticed 
by  Brogger  in  the  Christiania  district. 

It  is  obviously  conceivable  that  we  might  consider  these  veins 
to  be  a  product  of  magmatic  differentiation,  which  began  with  the 
consolidation  of  the  dioritic  patches,  and  concluded  with  the  streaks 
and  veins  of  pegmatite,  something  after  the  nature  of  the  streaks 
of  low  freezing  eutectic  observed  in  some  alloys.  But  it  would  be 
difficult  on  this  assumption  to  account  for  the  regular,  wavy  con- 
tortions, which  could  scarcely  have  been  formed  otherwise  than 
in  a  still  viscous  mass.  On  the  other  hand,  differentiation  in  a  liquid 
magma  of  such  a  nature  as  to  develop  such  streaks  is  at  least  purely 
<3onjecturaL  We  do  not  yet  know  the  limits  of  miscibility  of 
tfilicate  magmas,  nor  whether  it  is  possible  for  a  binary  mixture, 
containing  quartz  and  felspar,  to  segregate  in  distinct  layers  in 
the  midst  of  an  ordinary  ternary  granitic  magma.  At  the  same 
time,  physical  chemists  are  gradually  extending  our  knowledge  of 
the  series  of  liquids  which  only  mix  in  all  proportions  between 
certain  well-defined  limits  of  temperature,^  as,  for  example,  in  the 
case  of  molten  zinc  and  lead.  But  in  the  present  state  of  our 
knowledge  it  would  be  unsafe  to  assume  that  a  magma  can  become 
streaky  by  mere  hysterogenetic  differentiation.' 

But  another  explanation  is  possible.  The  magma  may  have  been 
subjected  to  an  invasion  by  streams  from  contiguous  areas.  These 
currents,  if  regarded  as  the  acid  residuum  forced  out  from  regions 
where  partial  consolidation  had  already  taken  place,  would  be 
differentiated  as  regards  the  liquid  which  they  invaded,  and  might 

*  See  Frosterns,  *  *  Uber  ein  neues  Vorkomniss  von  Kugelgranit,"  etc. :  Tschennak's 
Min.  and  Pet.  Mittheilungen,  xiii  (1S92),  p.  177. 

»  See  Findlay,  **  The  Pha«e  Rule,*'  chap,  xiv  (1904). 

3  Cf.  Morozewicz,  **Experimentelle  Untersnchmigen  iiber  die  Bildung  der  Minerale 
im  Magma*' :  Tschermars  Min.  und  Pet.  Mittheilungen,  xviii,  pp.  232-3. 
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easily  form  saoh  streaks  as  would,  on  orystallisation,  form  pegmatite- 
veins.  Slowness  of  diffusion  in  a  visooas  mass  would  prevent  any 
appreciable  mingling  of  the  solutions,  except  perhaps  at  their 
margins.  They  would  form  thin  bands,  like  a  mixture  of  synip- 
and  water,  and  they  would  suffer  deformation  and  contortion  in 
consequence  of  any  magmatic  movements  to  which  they  might  be 
exposed.  This  would  explain  the  formation  of  contorted  bands  in- 
the  midst  of  an  uncontorted  rock. 

We  have  next  to  account  for  their  coarsely  crystalline  texture, 
a  feature  usually  taken  to  indicate  slow  cooling.  Slowness  of  growth 
undoubtedly  tends  to  the  development  of  large  crystals ;  for  owing 
to  the  influence  of  surface  tension  it  can  be  shown  that  in  any 
solution  in  which  crystals  are  forming,  while  the  solution  is  super- 
saturated with  regard  to  the  larger  crystals  it  may  be  unsaturated 
with  regard  to  the  smaller  ones.  The  latter,  therefore,  may  be 
resorbed  and  deposited  upon  the  former,  which  will  then  continue 
to  grow  at  the  expense  of  their  smaller  brethren.  But  it  may  be^ 
taken  as  an  established  fact  that  the  formation  of  large  (»7stals 
depends  upon  other  factors  than  the  rate  at  which  cooling  takes 
place.  Thus,  at  Ofvra  Trensum,  in  the  neighbourhood  of  Carlshamn, 
may  be  seen  a  well-marked  irregular  junction  between  a  very  fine- 
grained blue  granite  and  a  coarse  porphyritic  pink  rock.  These 
were  evidently  part  of  one  and  the  same  cooling  mass,  but  the- 
j  unction  shows  no  relation  to  any  conceivable  isothermal  planes. 
Variations  in  texture  are,  indeed,  a  common  phenomenon  in  plutonio 
masses.  It  may  be  safely  assumed  that  the  pegmatites  crystallised 
at  a  later  stage  than  the  parent  rock.  Whether  we  look  upon  them 
as  true  entectic  mixtures  or  not,  the  circumstances  of  their  origin, 
as  assumed  above,  would  indicate  a  freezing-point  lower  than  that 
of  the  main  mass.  Pressure  probably  plays  an  important  part  in 
crystallisation,  but  we  are  only  beginning  gradually  to  realise  the 
direction  of  its  influence.  The  experiments  of  Oetling^  seem  to 
show  that  the  chief  role  of  pressure  is  to  promote  snperfusion. 
Now  Tammann'  has  shown  that  the  velocity  of  crystallisatiou 
increases  with  degree  of  superfusion  up  to  a  certain  maximum,  and 
then  diminishes.  The  larger  and  more  perfect  crystals  are  formed 
near  the  minimum  of  superfusion.  Another  factor  which  comes  inta 
play  is  the  number  of  crystalline  nuclei  present,  upon  which  the 
influence  of  certain  catalysers  or  <  agents  mineralisateurs '  must 
be  considered.  I  am  aware  that  the  action  often  ascribed  to  these 
mysterious  agencies  has  been  called  in  question  by  some  recent 
observers,  notably  by  Lagorio  and  Morozewicz ;  but  our  knowledge 
of  the  ionic  dissociation  of  fused  salts  is  still  so  incomplete  that  for 
the  present  it  would  seem  advisable  to  retain  as  a  useful  hypothesis 
the  conception  of  catalytic  action  by  such  agents  under  certain 
conditions. 

^  **  Vergleicheiide  Experimente  iiber  Verfestigimg  geschmolzener  Gesteinsmassen 
imter  Erhohtem  und  normalem  Druck  ":  Tschermak's  Min.  and  Pet.  Mittheilungen, 
xvii,  p.  331. 

'  Zeit.  fur  ph^sikalische  Chemie,  xxvi  (1898),  p.  307. 
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In  ihe  oaae  of  these  pegmatites  it  is  probable  that  the  contraction 
of  the  parent  rock  on  consolidation  would  diminish  the  pressure 
upon  the  still  fluid  veins.  These  would,  therefore,  at  last  consolidate 
under  conditions  of  temperature,  pressure,  and  also  concentration^ 
very  different  from  those  under  which  the  main  mass  crystallised, 
and  a  marked  difference  in  texture  might  then  be  expected. 

On  the  whole,  I  am  inclined  to  think  that  we  have  in  these 
Blekinge  pegmatites  merely  a  local  modification  of  Brogger's  theory. 
The  contorted  pegmatites  may  indeed  be  the  '  aufpressungen '  of 
a  differentiated  magma ;  not,  it  is  true,  in  this  case,  invading  cracks 
and  fissures  of  a  consolidated  rock,  but  streaming  into  the  still  fluid 
portions  of  a  neighbouring  molten  mass.  But  while  differentiation 
has  thus  played  an  important  part  in  the  process,  it  must  not  be 
overlooked  that,  if  this  view  should  prove  correct,  the  final  result 
was,  to  a  still  larger  degree,  due  to  the  imperfect  integration  of 
a  streaky  magma. 

VI. — Thb  Jubassio  fobms  of  thb  'oenbba*  Stomatopoba  ani> 
Pmobosoina, 

By  W.  D.  Lano,  B.A.,  F.Z.S.,  of  the  British  Museum  (Natural  History). 

AFTER  many  months'  work  at  the  Polyzoa  in  the  British  Museum, 
the  author  has  been  driven  to  the  conclusion  that  the  relation- 
ships of  the  Jurassic  forms  of  the  '  genera'  Stomatopora  and  Frohoacina 
have  been  misunderstood,  and  that  consequently  their  present 
arrangement,  as  put  forward  in  the  British  Museum  Catalogue^ 
is  unsatisfactory. 

A  detailed  examination  of  all  the  material  available  has  resulted 
in  the  following  conclusions  : — 

1.  The  division  of  the  forms  into  the  genera  Stomatopora  and 
Probosdna  is  unnatural. 

2.  The  development  of  a  colony  (the  zoarium  of  Polyzoa)  is 
oomparable  with  and  follows  the  same  laws  as  the  development 
of  the  individual  (the  zocscium  of  Polyzoa). 

8.  Therefore  the  diagnosis  of  a  form,  whether  'species'  or 
'  oirculus,' '  is  incomplete,  and  for  practical  purposes  useless,  unless 
the  part  of  the  zoarium  with  respect  to  its  age  is  specified. 

4.  In  the  'genera'  Stomatopora  and  Frohoscina  the  method  of 
branching  is  of  paramount  importance. 

It  is  intended  to  take  each  of  the  above  conclusions  and  explain 
by  what  observations  it  has  been  reached,  and  to  what  rearrangement 
of  the  specimens  it  tends.  To  upset  the  existing  order  may  seem 
revolutionary,  but  if  by  this  means  a  natural  grouping  is  arrived 
at,  if  evolutionary  series  are  found,  such  as  have  been  demonstrated 
among  Brachiopods  and  Ammonites,  if  when  a  new  form  occurs 
it  is  found  to  fit  into  one  of  these  series,  then  the  orderly  result  will 
justify  the  radical  alterations. 

>  J.  W.  Gregory :  Brit.  Mus.  Cat.  Jur.  Bryozoa,  1896,  p.  22  :  and  Mem.  GeoL 
Sunr.  Ind.,  1900,  ser.  ix,  vol.  ii,  pt  2,  pp.  17-22. 
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The  first  point,  namely,  the  artifioiality  of  the  genera  Stomatopora 
and  FroboBcina,  has  already  been  discussed  by  Gregory,^  who,  while 
admitting  that  the  line  which  divides  them  is  arbitrarily  drawn, 
«iiice  it  is  obvious  that  the  forms  constitute  a  natural  series,  main- 
tains that,  if  this  be  done,  the  genera  Berenieea,  BeptamuliiBparsay 
Limoneat  Diaatopora,  Entalophora,  and  Spiropora  must  for  similar 
reasons  be  merged.  And  since  the  retention  of  these  genera  is 
<ionvenient  for  working  purposes,  he  leaves  them  as  they  are. 
But  he  does  not  suggest,  what  the  author  believes  to  be  the  case, 
that  these  *  genera'  are  polyphyletio  in  origin,  and  that  in  some 
cases  a  given  species  of  ProhoBcina  may  be  at  the  head  of  a  series 
-of  forms,  the  simplest  of  which  are  undoubted  Siomatopara, 

In  such  a  case  the  series  would  form  a  natural  genus  parallel 
with,  and  having  a  common  origin  with,  other  series.  These 
would  constitute  new  genera,  starting  from  the  point  at  whioh  they 
branched  from  the  first  series. 

Given  sufficient  material,  such  series  can  be  found,  and  in  one 
or  two  cases  have  been  found,  by  tracing  the  development  of  the 
different  characters  of  a  colony  from  the  first  zocecium,  and  by  this 
means  finding  genetic  relationships. 

And  this  question  of  zoarial  development  leads  to  the  second 
proposition,  namely,  that  the  development  of  the  colony  is  com- 
parable with  and  follows  the  same  laws  as  the  development  of  the 
individual. 

It  was  the  observation  of  this  fact  that  led  the  author  to  doubt 
the  validity  of  the  'genera'  under  consideration,  and  the  matter 
was  fully  treated  of  in  a  paper.  This  paper,  however,  was  not 
published,  because  it  was  considered  a  poor  thing  to  put  forward 
an  idea  having  such  a  destructive  tendency  without  providing  an 
alternative  scheme  whereby  a  natural  classification  could  be  oon- 
Btructed.  And  the  latter  would  involve  much  further  detailed  work, 
some  of  which  has  since  been  done. 

Cumings,'  however,  in  January  of  this  year,  in  a  paper  on  the 
development  of  Feneatella  and  other  PalsBOzoic  forms,  has  in  a 
masterly  manner  shown  that  the  zoarium  has  a  developmental 
history,  exactly  comparable  with  that  of  the  individual.  He  says :  * 
*'  The  now  generally  accepted  classification  of  the  stages  of  growth 
and  decline,  proposed  by  Alpheus  Hyatt,  has  never  been  consistently 
applied  to  a  colonial  organism,  such  as  are  the  Bryozoa,  nor  to 
one  whose  ontogeny  presents  the  retrograde  metamorphosis  whioh 
characterizes  the  latter  class."  He  further  proposes  a  nomenclature 
for  the  stages  in  the  development  of  the  colony  analogous  to  the 
nepionic,  neanio,  ephebic,  and  gerontic,  or  the  infantile,  youthful, 
mature,  and  old-age  stages,  proposed  by  Buckman  &  Bather*  as 
modifications  of  Hyatt's  original  terms  for  the  individual.     These 

»  J.  W.  Gregory:  Brit.  Mus.  Cat.  Jur.  Bryozoa,  1896,  pp.  14-22. 

*  E.  R.  Cumings :  Amer.  Joum.  Sci.,  vol.  xvii,  pp.  49-78. 
3  Cumings:  op.  dt.,  p.  60. 

*  8.  8.  Buckman  &  F.  A.  Bather,  **  The  terms  of  Auxology "  :  Zoogliwher 
Anzdger,  1892,  p.  421. 
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oolonial  stages  he  terms  nepiastio,  neanastio,  ephebastio,  an(? 
gerontastio,  formed  from  the  stem  of  the  first  terms  suffixed  with 
the  termination  -aniic,  from  to  JWt;,  '  the  city.' 

Cumings  also  terms  the  first-formed  zoariam,  whioh  has  hitherto 
been  known  as  the  'primitive  disc'  in  Cyclostomata  and  the 
'anoestrula'  in  Cheilostomata,  the  'protoeoium/  analogous  to  the^ 
*  protegulum '  and  '  protooonch '  in  Braohiopods  and  Ammonites 
respectively. 

Among  the  Jurassic  forms  of  Stomatopora  and  Frobo$eina,  it  has 
been  found  that  when  any  given  character,  such,  for  instance,  as- 
the  ratio  of  the  length  of  the  zocecium  to  its  breadth,  is  followed 
from  the  first  zooecium  until  the  last,  that  it  has  a  progressive 
development,  or  anagenesis,  reaches  a  maximum  or  acme,  and  often 
may  be  seen  to  have  a  retrogressiye  development,  or  katagenesis, 
in  the  ultimate  branches  of  the  zoarium. 

To  illustrate  this  point,  some  examples  of  the  character  mentioned, 
namely,  the  ratio  of  the  length  of  the  zooeoium  to  its  breadth,  are 
given  below,  the  points  of  dichotomy  of  the  zoarium  being  taken 
as  fixed  points,  and  referred  to  by  the  numbers  1,  2,  3,  eta,  No.  1 
being  the  point  in  the  zoarium  marked  by  the  first  dichotomy,  and 
■o  on.  The  numbers  with  the  names  are  the  British  Museum^ 
raster  numbers  of  the  specimens. 


SpBcncEx 

Ratio  of  length  of  zooecium 
compared  with  its  breadth  at  the 
1st,  2nd,  3rd  .  .  .  «*»»  dichotomies. 

1 

8 

8 

4 

5 

6 

7^ 

1.  Stomatopora  WaUoni,  No.  97,083 

Combrash,  WUts. 

2.  Stomatopora  diehotoma,  No.  60,535 

Combrash,  Wilts. 

3.  Stomatopora  diehotoma,  No.  46,218 

Bathonian,  Ranrille. 

4.  Stomatopora  diehotoma,  ^0.  B.  if8Z2     ... 

Combrash,  Wilts. 
9.  Stomatopora,  sp.        

Combrash,  Wilts. 
6.  Stomatopora  JFaltom,  No.  B.  2,287       ... 

Ini  Oolite,  Gloucestershire. 

^ 

H 

^ 

H 

2* 

2i 

H 
2J 
3 

2* 

8 
3J 

1* 
2J 
2i 
H 

2J 
3 

H 
2J 
2 

2i 

n 

H 

2 
2 

21 

2i 
2 

U 
2 
2 
2 

2 
2 

2 

2 

The  numbers  in  the  above  table,  representing  the  length  of  the 
zooecium  (the  breadth  being  taken  as  1),  are,  of  course,  averages ; 
for  at  each  dichotomy  are  three  zooecia ;  and  if  n  is  the  number 
of  the  dichotomy,  the  theoretical  number  of  the  zooecia  of  which  the 
average  is  taken  will  be  3  (2**'^).  Practically,  however,  the  number 
is  smaller,  owing  to  the  loss  of  certain  branches. 

The  specimens  whose  zooeoial  lengths  are  given  in  the  table  are 
chosen  because  they  illustrate  so  well  the  regular  changes  of  this^ 
character.  Other  specimens  are  more  irregular,  but  all  show  to 
some  extent  a  definite  phm  of  development  In  the  first  four  cases 
gtven  it  will  be  seen  that  this  character  is  anagenetic  at  first,  and 
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reaches  its  aome  at  the  third  dichotomy,  after  which  it  is  katagenetia 
The  fifth  example  reaches  its  acme  at  2,  while  the  sixth  is  at  its 
acme  at  the  first  dichotomy,  and  declines  after  the  second. 

As  far  as  actual  length  is  concerned,  nnmhers  2,  4,  5,  and  6  are 
practically  the  same,  while  No.  1  has  much  longer  and  No.  3  much 
fihorter  zocecia  than  the  rest 

This  particular  character  was  chosen  only  as  an  example.  Other 
characters  show  a  similar  regularity  in  development,  according 
to  the  part  of  the  zoarium  in  which  they  are  situated.  Those  which 
have  heen  observed  and  treated  in  the  same  way  as  the  length  of 
the  zooecium  are  four,  two  zoarial  and  two  zooeoial.  The  zoarial 
are  the  method  of  branching,  which  will  be  treated  later,  and  the 
frequency  of  branching,  which  is  measured  by  the  number  of 
peristomes  between  two  dichotomies.  The  zooecial  are  the  shape 
of  the  zooecium,  and  its  ornamentation  by  transverse  ribs. 

Two  characters  which  have  been  used  by  former  workers  have 
been  found  by  the  author  so  unpractical  that  they  have  been  given 
up  as  useless ;  these  are  the  height  of  the  peristome  and  the  punctation 
of  the  zooecium. 

The  first  of  these,  though  doubtless  an  excellent  character  where 
the  state  of  preservation  of  the  fossil  is  such  that  its  presence  may 
be  counted  on,  becomes  useless  in  the  fossils  here  dealt  with,  because 
in  the  majority  of  cases  the  whole  peristome  has  been  broken  off, 
leaving  it  impossible  to  say  whether  this  structure  was  high  or  low 
when  the  organism  was  alive. 

Again,  the  appearance  of  the  punctation  of  the  zooecium  seems 
to  depend  to  such  a  large  extent  upon  the  state' of  preservation 
of  the  zooecial  wall,  that  its  presence  is  of  little  use  for  systematic 
work.  Nor  does  it  appear  to  show  any  variation  during  the  growth 
of  the  zoarium. 

The  results  obtained  from  the  study  of  the  development  of  the 
characters  previously  mentioned,  namely,  the  frequency  of  branching, 
the  shape  of  the  zooecium,  and  the  transverse  ribbing  of  the  zooecium, 
ehow  that  the  rule  in  the  majority  of  cases  is  as  follows : — 

1.  Frequency  of  branching, — The  number  of  peristomes  between 
the  first  two  or  three  dichotomies  is  small  (nearly  always  1  or  2), 
then  suddenly  increases  largely,  and  finally  becomes  small  again. 

2.  Shape  ofzocedum, — Generally  the  zocecia  are  either  cylindrical 
or  pyriform.  In  many  of  those  forms  which  have  cylindrical 
zocecia  throughout  the  greater  part  of  the  zoarium,  the  zocecia 
between  the  first  and  third  dichotomies  tend  to  be  slightly  pyriform ; 
while  in  those  forms  with  pyriform  zocecia,  the  zocecia  between 
the  first  and  third  dichotomies  are  generally  more  pyriform  than 
the  rest. 

3.  Transverse  ribbing  of  the  zo(Bcium. — Bibbing,  when  present, 
is  usually  faint  at  its  first  appearance,  becoming  stronger  later  on, 
and  in  some  cases  becoming  fainter  again  fincdly.  The  point  at 
which  the  acme  is  reached  varies  a  great  deal. 

The  systematic  value  of  any  one  of  these  characters  and  the 
amount  that  the  consideration  of  them  affects  the  question  of  species 
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the  author  hopes  to  oonsider  in  a  future  paper ;  all  that  is  wished 
at  present  is  to  demonstrate  the  importance  of  following  each 
character  through  its  own  development  in  the  zoarium,  and  by  this 
means  determining  its  value  as  an  index  to  the  relationship 
of  one  zoarium  to  another.  The  fact  that  each  character  has  a 
developmental  history  makes  it  clear  that  the  diagnosis  of  a  form 
is  incomplete,  and  for  practical  purposes  useless,  unless  the  part 
of  the  zoarium  with  respect  to  its  age  is  specified. 

The  last  point  to  be  oonsidered  is  the  method  of  branching  in 

the  Jurassic  forms  of  the  two  '  genera '  Siomatopora  and  Prohosdna. 

In  a  single  series  of  zooecia,  such  as   is  typical  in   the  genus 

Stomatopora,  two  ways  of  branching  may  be  noticed,  namely,  lateral 

branching  and  dichotomy. 

In  lateral  branching  a  new  zooecium  arises  from  any  point  in 
a  chain  of  old  zooeoia,  and  generally  diverges  at  a  wide  angle  (see 
Diagram  II,  Fig.  1,  p.  321).  It  is  common  in  Silurian  and  Cretaceous 
forms,  but  has  not  been  observed  (except  in  one  doubtful  case)  in 
any  Jurassic  form. 

In  dichotomy,  which  always  occurs  in  Jurassic  forms,  two  new 
zooecia  arise  from  the  end  of  an  older  zooecium,  the  angle  at  which 
they  diverge  varying  from  180°  to  20°  or  30°,  and  varying  in 
a  definite  manner.     (See  Diagram  II,  Figs.  2-9,  p.  321.) 

Dichotomy  in  the  forms  under  consideration  occurs  in  three  types, 
one  of  which  is  intermediate  between  the  other  two.  In  that  termed 
Type  I  the  two  new  zooocia  are  separate  from  one  another  throughout 
their  whole  length  (Diagram  II,  Figs.  2,  3,  9,  p.  321),  only  touching 
at  their  bases.  In  Type  II  they  are  contiguous  throughout  their 
length  (Figs.  4,  5,  8)  ;  and  they  are  contiguous  for  part  of  their 
length  in  the  Intermediate  Type  (Figs.  6,  6,  7). 

To  a  large  extent  correlated  with  the  type  of  branching  is  the 
angle  of  divergence  of  the  two  new  branches.  This  angle  tends 
to  diminish  distally.  But  that  it  is  not  wholly  dependent  upon 
the  type  of  branching  may  be  seen  in  oases  where  the  new  branches 
diverge  at  an  angle  of  as  much  as  60°  after  branching  according 
to  Type  II  (Fig.  6),  while  in  other  oases  (Fig.  8)  the  two  new 
branches  may  remain  contiguous  until  they  branch  again.  In  the 
majority  of  cases,  however,  the  angle  of  divergence  and  the  type 
of  branching  are  so  closely  correlated  that  for  practical  purposes 
they  may  be  oonsidered  together. 

Starting  from  the  first  zooecium,  which  arises  directly  from  the 
primitive  disc,  one  or  two  zoceoia  generally  follow  before  the  first 
dichotomy  takes  place.  This  in  all  Stomatopora  and  in  a  few 
Proboscina  (e.g.  P.  Cunningtoni,  Gregory,  B.M.  No.  23,862,  zoarium 
marked  1)  is  after  TyP®  ^  ^**^  *  ^>d®  angle  nearly  always  180° 
(Fig.  9).  The  seoond  dichotomy  in  the  great  majority  of  cases  is 
on  Type  I,  with  an  angle  of  divergenoe  of  120°.  The  angle  of  the 
next  dichotomy  is  commonly  90°,  of  the  next  60°,  of  the  next  46°, 
Type  I  being  still  the  mode  of  dichotomy. 

In  primitive  forms  (e.g.  S.  Waltoni,  Haime,  B.M.  No.  B.  2,287) 
the  branching  never  gets  beyond  Type  I  with  a  small  angle.    In  the 
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majority  of  forras,  however,  sooner  or  later  the  Intermediate  Type- 
of  branching  comes  in,  and  in  a  great  many  forms  this  type  is  the 
final  one.  In  a  few  cases  of  Stomatopora,  and  in  all  Frchosdna, 
Type  II  is  at  some  time  or  other  reached,  and  remains  the  ultimate 
form  of  branching  of  the  zoarium. 

This  seqaence,  namely,  Type  I — Intermediate  Type — Type  II,  is^ 
invariably  followed.  For,  althoagh  an  individual  dichotomy  may 
occasionally  occur  of  slightly  more  primitive  order  than  its  pre- 
decessor, it  is  only  an  irregularity,  and  the  general  scheme  of 
development  is  in  no  wise  obscured. 

In  more  primitive  forms  this  evolution  in  branching  does  not 
progress  beyond  Type  I  with  a  small  angle. 

In  the  commoner  forms  of  Stomatopora  the  ultimate  branches  are- 
formed  on  the  Intermediate  Type  and  on  Type  IL 

Diagram  I. — Curves  showing  the  Frequency  of  Branching  in  Stomatopora^ 
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Number  of  dichotomies  from  the  first  zooecium. 

In  a  few  forms  of  Stomatopora  (e.g.  B.M.  No.  B.  4,822)  Type  II 
occurs  after  a  few  dichotomies,  while  it  comes  in  very  soon  in  some 
primitive  Froboscina  (e.g.  Prohoscina  Cunningtom,  Gregory,  B.M. 
No.  97,617). 

In  typical  forms  of  Prohoscina  the  early  stages  have  been  so^ 
condensed,  according  to  the  law  of  acceleration  (Tachygenesis),'  that 
the  first  dichotomy  is  formed  on  Type  II  (Fig.  10).     Sometimes 

*  A.  Hyatt,  **  Bioplfwtolojry  and  the  related  hranchef*  of  Biologic  research": 
Proc.  Boston  Soc.  Nat.  Hint.,  vol.  xxvi  (1893),  p.  77. 
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DiAOBAM  II,  to  show  the  method  of  branching  in  Jurassic  forms  of  the  two 
*  genera '  Stomutopora  and  Froboteina. 


These  figures  are  diagrammatic  reproductions  of  pieces  of  specimens  in  the  British 
Museum.    The  Museum  register  number  is  given  with  each. 
Fio.  1.    Lateral  branching ;  B.  4,238.     Stomatopora  granultUa  (Milne  Edwards) : 

Chalk,  England  ;  loc.  ?     x  about  5. 
Type  I  with  large  angle  ;  B.  2,287.   Stomatapora  Waltoni,  Haime :  Inferior 

Oolite,  Crickley  Hill.     Dichotomy  2.     x  about  4. 
Type  I  with  small  angle ;  B.  2,287,  same  specimen  as  the  last.  Dichotomy  8. 

X  about  4. 
Type  II  with  small  angle ;  B.  4,247.    Stomatopora  diehotomoides  (D'Orb. ) : 

Combrash,  Wiltshire,     x  about  6. 
Type  II  with  large  angle,  preceded  by  Intermediate  Tvpe  with  Uirge  angle ; 

B,  4,832.     Zoarium  marked  2.     Stomatopora  diehotoma  (Lamouroux) : 

Combrash,  Wiltshire,     x  about  6. 
Intermediate  Type  with  small  angle ;  B.  4,382,  same  specimen  as  the  last, 

but  the  zoarium  marked  I.     x  about  7. 
Intermediate  Type  with  large  angle ;  60,536.    Stomatopora,  sp. :  Combrash, 

Wiltshire,     x  about  6. 
Type  II  with  an  angle  of  0° ;  97,617.    Froboteina  Cunningtoniy  Gregory : 

Combrash,  Chippenham,     x  about  5. 
Type  I  with  angle  of  180° ;  D.  2,064.    Zoarium  marked  6.    Stomatopora 

dichotomoidet  (D*Orb.)  :    Combrash,  Midland  Railway  Pit,   Bedford. 

X  about  13. 
The  first  dichotomy  is  after  Type  II  with  an  angle  of  0"  ;   D.  7,185. 

Proboseina,  sp. :  Inferior  Oolite,  Crickley  Hill,     x  about  7. 
The  arrangement  of  the  peristomes  is  irre^a^ular  from  the  first ;  D.*  1,84 3. 

Proboiema  Ettdssi,  Haime :  Inferior  Oolite,  Gloucestershire,    x  about  7. 

DECADE  T. — TOL.  I. — NO.  Til.  21 
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a  seoond  diohotomy  od  Type  IT  follows,  bat  often  the  arrangement 
of  peristomes  is  quite  irregular  after  the  first  diohotomy. 

In  the  most  advanced  types  of  Proboscina,  e.g.  P.  Eudeai,  Haime, 
B.M.  No.  D.  1,843,  the  arrangement  of  peristomes  is  irregular  from 
the  first  (Fig.  11) — the  arrangement  typical  for  Berenicea,  the  next 
*  genus '  in  the  series  of  which  Stomaiopora  and  Prohoacina  are  the 
first  two  terms. 

The  absolute  regularity  of  the  sequence  of  these  different  types 
of  branching  and  the  condensation  of  the  more  primitive  types  in 
the  more  advanced  forms  show  of  how  much  importance  this 
character  is  in  determining  the  relationships  of  different  forms. 
Moreover,  it  is  worthy  of  notice  that,  while  in  the  Jurassic  forms 
of  Stomatopora  Type  II  is  not  very  common,  it  becomes  extremely 
oomn^on  in  the  Cretaceous  forms,  though  the  sequence  in  these  is 
considerably  obscured  by  the  superimposition  of  lateral  branching 
upon  the  dichotomy. 

In  the  case  of  the  Cretaceous  Stomatopora  the  lateral  branching 
seems  to  be  the  reappearance  of  a  character  which  was  formerly 
present  and  has  been  lost,  for  it  occurs  in  Silurian  forms  of  Stomato- 
pora^  and  is  apparently  absent  in  Jurassic  forms. 

Taking  the  type  of  branching  as  a  character  of  primary  importance, 
and  following  this  and  the  other  characters  in  their  development 
from  the  beginning  of  the  colony,  series  can  be  traced  and  natural 
relationships  established.  The  true  genera  will  probably  be  found 
to  correspond  to  some  extent  with  the  present '  species.'  But  before 
this  can  be  done  at  all  satisfactorily  it  will  be  necessary  to  work 
through  a  great  deal  more  material,  carefully  collected  according 
to  horizon  and  locality. 

It  is  easy  to  represent  graphically  the  evolution  of  the  characters 
of  two  forms  for  comparison  by  means  of  curves.  Diagram  I,  on 
p.  320,  gives  an  example. 

The  writer  of  this  paper,  intending  only  to  introduce  his  idea 
and  method  of  dealing  with  this  difficult  group,  as  a  means  of 
establishing  a  natural  classification,  has  purposely  avoided  entering 
into  much  detail,  and  confined  himself  rather  to  general  statements. 
But  illustrations  are  taken  from  actual  specimens,  and  these  may 
be  seen  in  the  British  Museum.  What  is  needed  is  more  material 
which  shall  test  the  above  propositions.  What  has  been  attempted 
is  not  arbitrarily  to  select  a  character  and  invest  it  with  specific 
or  generic  importance,  but  by  tracing  the  development  of  the 
character  to  assign  it  to  its  appropriate  rank.  The  terms  genus 
and  species  can  then  be  applied  with  some  meaning,  and  new 
forms,  as  they  occur,  will  fall  into  their  proper  places  in  a  natural 
scheme. 
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I.  —  The  Oiologioal  Subyiy  of  England  and  important 
Coal-Deyklopmbnts  in  Nobth  Stafpobdshibe. 

LAST  week  the  important  annoancement  was  made  that  the 
Dilhorne  seam  of  coal  had  heen  reooYered  at  the  Klondyke  pit 
No.  7»  near  Draycott  Cross,  Cheadle.  For  years  sinking  operations 
liaYO  heen  conducted  with  the  ohjeot  of  winning  what  was  known 
to  he  one  of  the  most  Yaluahle  seams  of  coal  in  the  district,  and 
oonsiderahle  sums  of  money  haYe  heen  spent  in  the  quest.  It  had 
always  heen  held  hy  old  miners  that  although  the  Dilborne  seam 
did  exist  at  Dilhorne,  it  did  not  exist  in  or  ahout  Cheadle  proper. 
But  from  the  inspection  which  was  made  of  the  Cheadle  district 
about  two  years  ago  by  Mr.  George  Barrow,  F.G.S.,  of  the  Geological 
Survey,  he  came  to  the  conclusion  that  the  Dilhorne  seam  did  exist 
at  Cheadle,  and  that  there  was  an  area  of  some  four  square  miles 
of  it  waiting  to  be  worked.^  This  conclusion  was  borne  out  by 
Mr.  Stobbs,  the  County  Council  lecturer  in  mining,  from  his 
examination  of  the  fossils  found  in  the  strata  oYerlying  the 
ooal-seams.  In  addition  to  these  assurances,  Mr.  James  Lockett, 
Ohairman  of  the  Cheadle  Park  Colliery  Company,  who  has  undertaken 
the  researches  that  have  at  last  proYed  successful,  had  the  advantage 
of  the  observations  which  were  made  by  his  son,  Mr.  William 
Xiockett,  of  the  sections  of  strata  which  were  penetrated  by  a  borehole 
on  the  estate  of  the  Cheadle  Park  Colliery,  as  well  as  in  the  Foxdale 
shaft  and  the  Major  Bam  sinking,  to  assure  him  in  his  own  con- 
viction that  the  Dilborne  seam  would  be  eventually  won  at  the 
Draycott  Colliery.  Mr.  Lockett  commenced  sinking  from  the 
Four- feet  seam  at  the  Draycott  pit  on  January  Ist  this  year.  The 
difficult  work  of  sinking  through  the  water-bearing  strata  which 
lay  beneath  that  seam  has  since  been  carried  out  efficiently,  until 
on  the  I6th  inst.  the  Dilhorne  seam  was  reached,  lying  at  a  depth 
of  74  yards  below  the  Four-feet  seam  and  150  yards  from  the 
surface,  the  seam  at  this  point  being  about  5  ft.  1  in.  thick  and 
olean  and  bright.  It  is  understood  to  be  Mr.  Lockett's  intention 
to  proceed  with  the  opening  out  of  the  seam  without  delay,  and  it  is 
expected  that  there  will  be  an  output  from  the  Draycott  Colliery 
within  three  years  of  a  thousand  tons  a  day.  The  land  leased  by 
Mr.  Lockett  amounts  to  710  acres,  owned  partly  by  Sir  Thomas 
Pilkington,  Mr.  F.  Bolton,  Oakamoor,  and  Mr.  F.  Mather,  Betley, 
and  if  Mr.  Barrow  is  right  in  his  estimate  there  should  be  in  the 
four  square  miles  which  comprise  the  Cheadle  district  a  quantity 
of  coal,  taking  the  Four-feet  and  the  Dilborne  seams  together,  of 
from  20  to  25  million  tons.  In  addition  to  this,  there  are  two 
seams  below  the  Dilhorne  seam  which  have  not  yet  been  tapped. 
First,  there  is  the  'cobble'  vein,  which  is  2  feet  thick,  and  then 
there  is  the  Woodhead  seam,  2  ft.  10  in.  in  thickness. 

»  [See  **  The  Geology  of  the  Cheadle  Coalfield,"  by  George  Barrow,  F.G.S., 
Hem.  Geol.  Survey,  1903,  pp.  27,  28.~£i>it.  Gbol.  Mao.] 
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An  enoonraging  feature  about  the  new  recovery  is  there  is  every 
indication  of  the  seam  being  worked  practically  free  from  water* 
The  coal  is  valuable  for  houBehold  purpoees,  and  will  be  put  upon 
all  the  principal  markets,  the  pitbank  being  situated  close  beside 
the  Cheadle  Railway,  to  which  sidings  have  already  been  laid  down, 
and  the  colliery  premises  thus  placed  into  communication  within 
a  very  few  miles  of  the  North  Staffordshire  Bailway  Company's  main 
line  between  Crewe  and  Derby.— CbZftery  Guardian,  May  27,  1904. 

II. — On  the  Ossifebous  Cavi-Dbposits  of  Cyprus.     By 
DOBOTHT  M.  A.  Batb.1 

PREVIOUS  to  1901  no  systematic  search  of  the  cave-deposits  of 
Cyprus  appears  to  have  been  attempted.  The  geology  was 
studied  by  M.  Albert  Gaudry,  who  published  an  elaborate  work  in 
1862  with  a  geological  map,  and  Drs.  Unger  and  Eotschy  in  1865 
also  gave  a  geological  map  of  the  island,  dififering  somewhat  from 
their  predecessor. 

As  long  ago  as  1700  the  Dutch  traveller  Comeille  le  Brun  (Van 
Bruyn)  published  an  account  of  his  wanderings  in  Cyprus  and  the 
Levant,  and  mentions  having  visited  a  bed  of  bones,  supposed  to  be 
those  of  saints,  not  far  from  the  Monastery  of  Haghios  Chrysostomos. 
A  drawing  of  one  of  these  bones  is  given,  which  Dr.  Forsyth  Major 
has  since  shown  to  be  that  of  Mippopotamus  minulusJ* 

The  author  started  in  1901  in  expectation  of  discovering  an 
extinct  fauna  in  this  ossiferous  breccia,  and  this  expectation  was 
amply  fulfilled,  for  no  fewer  than  twelve  ossiferous  caves  were 
found,  five  at  Cape  Pyla  in  the  south-east  and  seven  on  the  southern 
slopes  of  the  Eerynia  Hills  in  the  north  of  the  island. 

Two  caves  (mentioned  by  General  di  Cesnola  in  1877,  at  Cape 
Pyla,  as  containing  human  fossilised  bones)  were  first  visited  by 
the  author.  The  rock  is  here  composed  of  Miocene  (probably 
Helvetian)  limestone,  weathered  to  a  very  great  extent,  and  full  of 
marine  shells  and  corals,  as  well  as  numerous  Eohinoids  (Clypeaster 
portentosus)f  also  met  with  in  the  Miocene  limestones  of  Malta. 

Here  a  number  of  caves  were  discovered  in  the  clififs,  five  of 
which  yielded  remains  of  Hippopotamus  minutus. 

The  author  then  describes  these  caves  in  detail.  The  caves 
explored  at  Cape  Pyla  were :  (1)  The  Bed  Cliff  Cave ;  (2)  the 
Great  Anonymous  Cave ;  (3)  the  Small  Anonymous  Cave ; 
(4)  Haghios  Jannos;  (5)  Haghios  Saronda.  This  is  the  cave  to 
which  formerly  pilgrimages  were  made  and  candles  burned  in 
honour  of  the  sacred  remains  of  saints. 

The  cave-deposits  of  the  Eerynia  Hills  are  of  uncertain  geological 
age,  no  fossils  having  been  obtained  from  the  limestone  rock  of 
which  they  are  chiefly  composed.  Professor  Gaudry  concludes  that 
the  rock  is  of  Cretaceous  age,  and,  therefore,  the  oldest  sedimentary 
deposit  in  the  island.     The  seven  caves  discovered  were  all  on  the 

*  Being  the  abstract  of  a  paper  read  before  the  Royal  Society,  June  9th,  1904. 
Communicated  by  Dr.  H.  Woodward,  F.R.S.,  F.G.S.  * 
«  Proc.  Zool.  Soc.,  June,  1902. 
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Boulhmra  side  of  the  range,  between  thQ  Aghirdhir  Pass  and  the 
village  of  Ky tbrsoa,  in  a  low  broken  line  of  oliffs  parallel  witb  tbe 
main  ridge.  These  are  called  the  Kerynia  oayes,  and  are  named — 
(1)  Coatzaventis;  (2)  Haghios  Chrysostomos;  (3)  Anoyero  Spelios; 
(4)  Dikomo  Mandra;  (5)  Haghios  Blias;  (6)  the  Elephant  Deposit; 
(7)  the  Western  Gave. 

Most  of  these  oaves  have,  by  reason  of  long  atmospheric  erosion, 
partially  or  wholly  disappeared,  leaving  the  stalagmitio  flooring 
containing  mammalian  remains  unprotected  and  exposed  often  at 
a  considerable  distance  from  the  faoe  of  the  olifb.  Bat  although 
many  of  them  are  now  almost  obliterated  by  the  falling  in  of  the^ 
roof  and  walls,  the  author  points  out  that  wherever  this  has- 
happened  the  limits  of  the  floor  are  sharply  defined  by  the  hard 
ossiferous  deposit  and  the  stalagmitio  floor.  In  close  proximity  are 
caves  still  preserved  containing  precisely  similar  deposits. 

The  fauna  of  the  caves  is  comparatively  scanty,  the  only  other 
important  extinct  form  besides  the  dwarf  elephant  and  hippopotamus 
being  a  new  species  of  Oenet  (^G^tneiia  pleiieioidea),  desQribed  in  the 
Proceedings  of  the  Zoological  Society. 

III. — Further  Notb  on  thr  Bkmains  of  Elephas  Cypriotes, 
Batb,  from  a  Cavb-Drposit  in  Cyprus.  By  Dorothy  M.  A. 
Bate.* 

fllHIS  paper  is  a  continuation  of  one  already  published'  ''On  the 
X  Discovery  of  a  Pigmy  Elephant  in  the  Pleistocene  of  Cyprus," 
and  enters  into  a  detailed  description  of  the  teeth  of  this  small 
proboscidean  whose  romains  aro  now  in  the  British  Museum  of 
Natural  History. 

The  collection  includes  incisors,  milk  molars,  and  permanent 
molars.  Several  of  the  latter  still  retain  their  position  in  the  jaws, 
and  in  some  instances  the  teeth  of  both  sides  of  the  same  individual 
were  found. 

The  permanent  incisor  tusks  of  two  forms,  presumably  belonging 
to  males  and  females,  wero  found.  They  differ  from  the  same  teeth 
of  the  Maltese  dwarf  elephants  in  being  considerably  compressed 
laterally.  The  largest  specimen  measuros  29*7  cm.  along  the 
outside  of  the  curve,  with  a  maximnm  diameter  of  3*7  cm. 

Of  the  upper  cheek  teeth  the  third  and  fourth  of  the  milk  series, 
as  well  as  the  three  permanent  molars,  are  described  in  detaiL 
There  was  a  small  third  milk  molar  (mm.  2)  implanted  by  a  single 
root,  but  no  specimen  was  collected. 

Of  the  lower  series,  the  third  and  fourth  milk  molars  and  the 
three  permanent  teeth  were  represented  by  numerous  examples  and 
aro  fully  described. 

An  almost  entire  left  ramus  of  one  young  individual  and  the 
symphysial  portion  of  another  are  also  described.  The  only  limb 
bone  obtained  was  the  distal  portion  of  a  femur. 

^  Being  the  abstract  of  a  paper  read  before  tbe  Royal  Society,  June  9th,  1904. 
<Jommnnicated  by  Dr.  H.  Woodward,  P.B.S.,  F.G.8. 

'  Bead  before  the  Boyal  Society,  May  7th,  1903 ;  see  Qbol.  Mao.,  1903,  p.  241. 
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A  oorreoted    ridge    formola    for  the  molars  of  E.   cypriote$  i»- 
farnishedy  wbioh,  exolusive  of  talons,  will  stand  as  follows : — 
5  7-8   7—8  8—9  11-12 


5  7—8   7—8  8—9   11—12 
Dr.  Leith  Adams  gives  E.  melitensii  as  follows  : — 
3   5  8—9  8—9   10   12 

3'  5  8—9*  8—9'  10*  12 

There  appears  to  be  a  strong  resemblanoe  between  the  teeth  oC 
E,  Cypriotes  and  those  of  the  Maltese  and  Sicilian  pigmy  forms, 
more  especially  JE.  meUtenstB,  but  the  marked  lateral  compression  of 
the  tusks  in  E,  Cypriotes^  which  is  a  constant  character  in  all  the 
specimens  so  far  obtained,  would  in  itself  be  almost  sufficient  to 
distinguish  this  species  from  the  other  pigmy  elephants  of  the 
Mediterranean  region.  There  seems  to  be  good  evidence  that 
E,  Cypriotes  was  isolated  and  subsequently  differentiated  at  an 
earlier  period  than  the  other  small  Mediterranean  species  in  Malt& 
and  Sicily,  the  zoological  evidence  giving  considerable  support  to 
the  belief  that  Cyprus  became  an  island  at  an  earlier  period,  an  idea 
which  is  further  strengthened  by  the  fact  that  the  whole  island  is 
surrounded  by  deep  water,  and  is  not  connected  with  the  neigh- 
bouring lands  by  submerged  banks,  as  is  the  case  with  the  Maltese 
Islands. 

The  Maltese  pigmy  species  have  been  considered  most  closely 
allied  to  E.  antiquus  and  JE,  Africanus,  On  the  other  hand,  it  seems 
probable  that  E,  Cypriotes,  which  shows  no  affinity  to  the  African 
species,  is  connected  rather  with  E.  antiquus  and  E,  meridionalis. 

It  may  be  remarked  that  the  remains  of  E.  Cypriotes  and  of 
Hippopotamus  minutus,  with  which  it  is  associated,  vary  but  little  in 
size,  whereas  in  the  dwarf  species  of  elephants  and  hippopotami 
from  Malta  and  Sicily  a  considerable  variation  in  size  is  observable, 
so  much  so  indeed  that  molars  may  be  seen  intermediate  in  size 
connecting  J?,  melitensis  {=minutus),  H,  penUandi,  and  JTi  amphibius. 


I^BI>OI^TS     Ji.l<TJD     I>I^OOEEX)I35ra-S. 


Gbologioal  Sooiktt  of  London. 

I.— April  27th,  1904.— J.  E.  Marr,  Sc.D.,  F.R.S.,  President,  in  the 
Chair.     The  following  communications  were  read  : — 

1.  "On  a  New  Species  of  Eoscorpius  from  the  Upper  Carboniferous 
Rocks  of  Lancashire.*'  By  Walter  Baldwin,  Esq.,  F.G.S.,  and 
William  Henry  Sutcliffe,  Esq.,  F.G.S. 

The  specimen  described  was  found  in  an  ironstone  nodule  occurring 
on  a  fairly  well  marked  horizon,  about  135  feet  above  the  Roy  ley 
Mine  (or  Arley  Mine)  coal-seam,  at  Sparth  Bottoms,  about  half  a  mile 
south-west  of  Rochdale  Town  HalL  The  nodules  occur  in  a  band 
of  blue  shale,  in  which  are  well-preserved  remains  of  Carbonicola 
acuta,  ferns  Calamariay  Prestwichia  rotundata,  and  Bellinurus  hellulus. 
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The  animal  is  well  represented  by  both  the  intaglio  and  relievo 
impressions :  these,  however,  only  show  its  dorsal  aspect  A  de- 
soription  of  the  specimen  is  given,  and  it  is  referred  to  a  new  species. 
Dr.  Peach  is  of  opinion  that,  like  the  recent  scorpions,  the  ancient 
species  visited  the  sea-shore  in  search  of  the  eggs  of  invertebrates 
left  bare  by  the  tides,  and  the  association  of  this  new  scorpion 
with  king-crabs  at  Sparth  Bottoms  is  in  favour  of  this  view.  The 
specimen  has  been  presented  to  the  Manchester  Maseam. 

2.  "The  Genesis  of  the  Gold  Deposits  of  Barkerville  (British 
Columbia)  and  the  vicinity."  By  Austin  J.  B.  Atkin,  Esq.  (Com- 
mnnicated  by  the  Secretary.) 

The  gold-bearing  area  of  Cariboo  (British  Columbia)  is  roughly 
confined  within  a  radius  of  20  miles  of  Barkerville,  to  the  band  of 
varied  crystalline  rocks  known  as  the  Cariboo  Schists,  generally 
assigned  to  the  Lower  Palsdozoic  group.  The  veins  follow  the  strike 
but  not  the  dip  of  the  rocks,  the  gangue  is  similar  to  that  associated 
with  the  nuggets  in  the  placers,  and  the  reefs  show  very  little  or 
no  oxidized  ore.  While  all  the  reefs  carry  gold  in  greater  or  less 
quantities,  none  have  been  found  rich  enough  to  account  for  the 
placer-gold.  It  is  the  opinion  of  the  author  that  the  placer-gold 
has  probably  been  derived  from  the  enriched  outcrops  of  the  veins 
which  once  existed  above  water-level.  Such  enrichment  is  due  to 
two  causes:  firstly,  the  leaching-out  of  pyrites  leaving  the  less 
soluble  gold  in  lighter,  honeycombed  quartz ;  and,  secondly,  to  actual 
enrichment  by  precipitation.  This  may  be  due  to  the  solubility  of 
gold  in  solutions  of  ferric  sulphate,  derived  from  the  decomposition 
of  the  pyrites.  While  the  enriched  zone  was  being  formed,  the 
weathering  of  the  surface  kept  removing  the  leached  outcrop,  and 
constantly  exposing  fresh  surfaces  to  atmospheric  influences.  To 
the  weathering  of  these  outcrops  the  rich  placers  are  attributed. 
Some  of  the  nuggets  in  the  latter  show  no  signs  of  attrition,  as 
though  they  had  been  carried  to  their  present  position  enclosed  in 
a  soluble  matrix  which  was  afterwards  removed.  The  denudation 
of  the  reefs  and  the  deposition  of  gold  in  the  gravels  appear  to  have 
taken  place  in  Tertiary  times. 

n.— May  11th,  1904.— Horace  B.  Woodward,  Esq.,  F.R.S.,  Vice- 
President,  in  the  Chair. 

The  Chairman  referred  in  feeling  terms  to  the  grievous  loss  sus- 
tained by  the  Society  in  the  death  of  Sir  Clement  Le  Neve  Foster, 
F.B.S.,  Professor  of  Mining  at  the  Royal  College  of  Science.  He 
was  elected  a  Fellow  in  1863,  and  as  early  as  1865  he  communicated 
to  this  Society,  conjointly  with  William  Topley,  the  now  classic 
paper  on  the  Med  way  Gravels  and  the  Denudation  of  the  Weald — 
a  paper  which  had  largely  influenced  the  views  of  geologists  on 
the  physiography  of  the  South-East  of  England. 

The  Chairman  announced  that  the  Council  had  resolved  to  award 
the  proceeds  of  the  Daniel-Pidgeon  Fund  for  1904  to  Mr.  Linsdall 
Richardson,  F.G.S.,  of  Cheltenham. 
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The  following  commonioatioDt  were  read : — 

1.  ''On  some  Qnartzite  Dykes  in  Mountain  Limestone  near 
Snelston  (Derbyshire)."  By  Henry  Howe  Arnold-Bemrose,  Esq., 
M.A.,  P.GA 

At  Snelston,  3^  miles  sonth-west  by  sooth  of  Ashbonrne,  there 
is  an  inlier  of  Mountain  Limestone  sorroanded  by  Kenper  Marl. 
It  is  roughly  elliptioal  in  shape,  the  major  axis  extending  for 
a  distance  of  about  half  a  mile  north-north-east  and  south-south-west. 

The  limestone  is  generally  massive,  with  a  few  chert  nodules  in 
the  upper  parts ;  the  rock  in  many  places  has  a  broken  appearaaoe, 
and  it  contains  small  hollow  spaces ;  and  large  portions  of  the  lune- 
alone  have  been  partly  or  completely  dolomitized.  The  floor  and 
faces  of  the  quarry  are  traversed  by  vertical  veins  or  dykes  of 
oalcite,  fluor-spar,  barytes,  calcareous  sandstone,  and  qnartzite. 

The  qnartzite  of  these  '  dykes '  is  described  microscopioally.  It 
consists  of  angular  detritus,  quartz-grains  with  enclosures,  a  few 
small  grains  of  felspar,  and  a  few  shreds  of  mica.  The  grains  are 
cemented  by  silica,  and  sometimes  by  calcite.  The  rock  in  contact 
with  the  dykes  sometimes  contains  quartz  in  isolated  bipyramidaL 
ciystals  and  granular  aggregates.  The  silica  is  present  in  Uie  lime- 
stone in  two  forms,  which  have  had  an  entirely  difierent  origin. 

Beference  is  given  to  examples  of  sandstone  dykes  hitherto 
described,  and  then  the  origin  of  the  qnartzite  dykes  at  this  locality 
is  discussed.  An  important  bed  of  sandstone  was  found  by  sinking 
for  a  well  at  Marston  Common  Farm ;  and  the  same  bed  is  found 
also  in  a  quarry  about  800  feet  south  of  the  farm.  The  micro80(^io 
aspect  of  the  rock  is  precisely  similar  to  that  of  the  dykes.  It  is 
at  a  period  later  than  the  Kenper  that  the  silica  which  cemented 
the  sandstone  of  the  dykes  and  of  the  Common  Farm  appears  to 
have  been  introduced. 

2.  *'  Phenomena  bearing  npon  the  Age  of  the  Lake  of  Geneva.** 
By  C.  S.  Du  Riche  Preller,  M.A.,  Ph.D.,  A.M.I.C.E.,  M.LE.E., 
F.RS.E.,  F.aS. 

Following  up  his  investigations  concerning  the  age  of  the 
principal  Alpine  lake-basins,  the  author  has,  during  a  recent 
prolonged  stay  on  the  Lake  of  Geneva,  examined  the  low-level 
gravel-beds  and  other  alluvia  to  the  Bhone  Valley,  from  Geneva 
to  the  Jura  bar  near  Fort  de  TEduse,  as  well  as  the  high-level 
gravel-beds  of  La  C6te  above  BoUe  and  of  the  Jorat  district  above 
Lausanne,  and,  further,  the  rock-formations  on  both  sides  of  the 
lake,  in  view  of  evidence  of  flexures  as  the  primary  cause  of  the 
formation  of  the  present  deep  lake-basin. 

After  describing  the  phenomena  around  the  Lake  of  Geneva,  and 
comparing  them  with  those  around  the  Lake  of  Zurich,  he  is  led 
to  the  following  conclusions  : — 

(1)  The  low-level  gravel-beds  of  the  Bhone  Valley  near  (Geneva 
are,  like  the  deep-level  gravel-beds  of  the  Limmat  Valley 
near  Zurich,  fluviatile  deposits  of  the  second  inteiglacial 
period,  and  were  formed  before  the  present  deep  lake-basin 
came  into  existence. 
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(2)  The  high-level  gravel-beds  of  La  Cote  above  B<dle  and  of  the 

Jorat  distriot  above  Lausanne  are,  like  the  oorcesponding 
deposits  of  the  Uetliberg  near  Zarich,  and  of  the  Dombes 
and  of  Lyons,  true  Deckensohotter.  Hence  the  terni 
*  alluvion  ancienne/  should,  in  its  proper  aooeptation,  only 
apply  to  the  high-level  deposits. 

(3)  The  formation  of  the  present  deep  lake-basin  of  Oeneva  was, 

like  that  of  Zurich,  primarily  due  to  the  lowering  of  the 
valley-floor  by  flexures  of  the  Molasse  and  its  contact- 
zones,  posterior  to  the  maximum  glaciation,  as  evidenced 
more  especially  by  the  reverae  dip  of  the  old  erosion 
terraces. 
The  author  holds  that  the  concord  of  evidence  in  the  two  cases 
'Strengthens  the  conclusion,  already  arrived  at  by  analogy  in  his 
previous  paper,  that  the  Lake  of  Geneva,  together  with  the  other 
principal  zonal  lakes  between  the  Alps  and  the  Jura,  was  formed 
under  similar  conditions  and  at  the  same  time  as  the  Lake  of  Zurich, 
that  is,   towards  the  close  of  the   Glacial   Period  ;    indeed,   the 
phenomena  in  support  of  that  view  are,  in  the  case  of  the  Lake 
of  Geneva,  on  a  grander  scale,  more  striking,  and,  if  anything, 
more  conclusive. 


IIL— May  25th,  1904.— J.  E.  Marr,  SaD.,  F.RS.,  President,  in  the 
Chair.     The  following  communications  were  read : — 

1.  ''  On  the  occurrence  of  a  Limestone  with  Upper  Ghiult  Fossils 
at  Barnwell,  near  Cambridge."  By  William  George  Feamsides,  Esq., 
M.A.,  F.G.S. 

The  section  in  the  great  Gault  pit  worked  by  the  Cambridge 
Brick  Company  at  Barnwell  is  as  follows  : — 

Thiokness  in  feet. 

5.  Sariaee-soil  with  grayel  and  Chalk  Marl,  disturbed    15  to  17 

4.  Boll  leaden  clay,  almost  devoid  of  determinable  foesils 

but  with  a  few  phosphate  nodides,  etc 39 

3.  Compact,  well -jointed,   homogeneous  clay,   with   large 

ammonites  of  the  rM^a^atf- or  J^oM«Aar<<ki/iu«- type    ...        3 
2.  Hard    calcareous   bed    with    Inooeramuf,    Schloetiachia 

varieosa,  and  Terebraiula  biplicaia 0  to  I 

1.  Blue,  well -laminated  clay,  with  fossil  fragments  and  pale 

phosphate  nodules  4  seen 

The  limestone  is  variable  in  thickness,  and  is  largely  made  up  of 
comminuted  shells  of  Inoeeramus,  It  occurs  in  a  series  of  flattened 
lentioles,  a  few  yards  in  diameter  and  about  a  foot  thick.  It 
contains  abundant  phosphate  nodules  of  at  least  three  types — green, 
pale,  and  dark-brown  in  colour.  Foraminifera  are  abundant,  as  also 
fragments  of  lamellibranchs,  brachiopods,  small  gastropods,  echinoids, 
and  Crustacea.  A  fibrous  material,  possibly  chitin,  chips  of  quartz, 
a  little  orthoclase,  and  glauconite  are  also  recognized  microscopically. 
The  fauna  is  not  markedly  different  from  that  of  the  underlying 
clay.  A  list  is  given  which  shows  that  this  fauna  has  been  recorded 
from  the  Upper  Gault  of  Folkestone,  and  agrees  most  closely  with 
that  from  Bed  ix  of  Mr.  Hilton  Price's  paper  on  that  locality.     As 
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these  fosdils  are  obtained  40  feet  below  the  upper  surface  of  the 
Ganlt  seen  in  the  section,  it  is  clear  that  the  whole  of  the  Upper 
Qault  of  Cambridge  was  not  :used  up  in  the  making  of  the 
'  Cambridge  Greensand  * ;  and  this  fact,  together  with  the  northward 
thinning  of  the  Gault  as  it  passes  into  the  Bed  Chalk,  necessitates 
a  modification  in  the  view  commonly  held  as  to  the  origin  of  this 
'  Greensand '  deposit. 

2.  **  On  the  Age  of  the  Llyn  Padam  Dykes."  By  James  Vincent 
Elsden,  Esq.,  B.Sc,  F.G.S. 

The  paper  produces  evidence  which  seems  to  suggest  that  the 
bulk  of  the  greenstone  dykes  of  this  area  belong  to  an  earlier  period 
of  eruption  than  has  been  generally  assigned  to  them ;  and  there  is 
proof  that  some  of  them  may  even  be  older  than  the  quartz-felsite 
of  the  Llyn  Padam  ridge.  The  greater  part,  if  not  actually  of  Bala 
age,  seem  to  have  been  intruded  before  the  great  post- Bala  crush- 
movements,  which  produced  the  folding  of  the  Lower  Cambrian 
rocks  of  Llanberis,  had  entirely  ceased.  At  the  same  time,  the 
evidence  does  not  exclude  the  possibility  that  some  of  the  intrusions 
may  be  of  later  date.  The  evidence  on  which  these  conclusions 
rest  is  based  mainly  on  the  signs  which  the  intrusions  exhibit 
of  having  been  considerably  modified  by  earth-pressures,  more 
especially  in  those  portions  which  protrude  into  Cambrian  strata. 
Petrographical  considerations,  also,  make  it  impossible  to  separate 
these  rocks  from  the  diabase  sills  of  Bala  age  occurring  farther  to 
the  south  and  south-west  of  this  area ;  and  there  is  a  strong  pre- 
sumption that  they  represent  the  last  residuum  of  the  magma  from 
which  Bala  sills  were  derived. 

The  north-western  portions  of  the  dykes,  enclosed  in  the  older 
rocks  of  the  Llyn  Padarn  ridge,  are  comparatively  free  from 
dynamic  metamorphism ;  but  when  traced  into  the  more  yielding 
Cambrian  grits  and  slates,  they  become  structurally  deformed  and 
often  so  highly  sheared  as  to  be  hardly  recognizable  as  parts  of 
the  same  dyke.  It  is  suggested  that  such  highly  sheared  greenstones 
as  occur  in  the  ridge  are  of  still  older  date.  One  section  is  described 
in  which  a  sheared  greenstone  is  pierced  by  a  tongue  of  felsite 
about  2  inches  wide  and  2  feet  long.  The  felsite  is  undistinguishable 
from  that  of  the  rest  of  the  ridge  and  on  the  borders  of  the  green- 
stone. Full  petrographical  descriptions  of  the  minerals  of  the 
rocks  in  their  altered  and  unaltered  state  are  given,  the  minerals 
being  taken  in  the  order  of  their  consolidation,  and  the  rocks  con- 
sidered in  the  *  dynamic'  or  crush-zone  of  the  sediments  and  in 
the  '  static '  or  pressure-zone  of  the  Llyn  Padam  ridge.  These 
minerals  are  apatite;  iron-ores  altered  to  sphene  and  leucoxene, 
and  to  a  mineral  which  is  apparently  perowskite ;  felspars 
belonging  to  the  albite-anorthite  series  of  one  generation  under- 
going *  albitization,'  and  the  formation  of  felspar-mosaic  ;  two 
pyroxenes,  one  possibly  rhombic  and  the  other  like  malacolite, 
granuUtized  and  associated  with  secondary  albite  in  the  cmsh-zones, 
or  passing  into  amphiboles  and  chlorites ;  original  amphiboles  rare, 
but  common  as  actinolite,  tremolite,  and  asbestos  alteration-products 
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of  pyroxene ;  biotite  unoommon ;  ohlorite ;  quartz  ;  epidote ;  and 
oaloite.  In  the  least  altered  rooks  the  minerals  are  oomparatively 
unchanged ;  then  there  is,  first  of  all,  molecular  rearrangement 
under  pressure  without  movement ;  next,  mylonitization  and 
recrystallization ;  and  lastly,  the  whole  rock  becomes  cataclastic, 
with  partial  or  complete  obliteration  of  its  original  structure.  The 
gradual  appearance  of  these  features  towards  the  east  is  proof  that 
the  deforming  agency  operated  from  that  direction. 

MiNXRALooiOAL  SooicTT,  Juuc  7th,  1904. — Dr.  Hugo  Muller, 
President,  in  the  Chair.  The  Roy.  Mark  Fletcher  contributed 
a  note  on  mispickel  from  Sulitjelma  mine,  Norway,  containing  about 
1-32  per  cent  of  cobalt,  and  showing  the  forms  [Oil],  [012],  [110]. 
— Mr.  G.  F.  Herbert  Smith  exhibited  a  hand-refractometer  of  the 
Bertrand  type  in  which  the  curvature  of  the  focal  surface  has  been 
reduced  by  means  of  a  correcting  lens,  with  a  consequent  improve- 
ment in  the  definition  of  the  shadow  edges. — Professor  H.  A.  Miers 
gave  an  account,  illustrated  by  numerous  lantern  slides,  of  the 
development  of  the  Kimberley  Diamond  Mines.  He  traced  the 
changes  in  the  methods  of  working  from  the  first  surface  diggings 
to  the  time  when  the  blue-ground  was  brought  to  the  edge  of  the 
pit  by  a  '  cobweb '  of  wire  ropes  stretchiug  from  the  numerous 
independent  claims  into  which  the  mines  were  split  up,  and  showed 
how  the  increasing  difficulties  involved  in  this  method  led  to  tlie 
final  consolidation  of  the  mines  under  Beit  &  Rhodes,  and  the 
initiation  of  the  present  system  of  mining,  which  consists  in  sinking 
shafts  on  the  edge  of  the  pit  and  running  cross-cuts  into  the  blue- 
ground.  He  referred  finally  to  the  recent  discovery  of  blue-ground 
in  the  neighbourhood  of  Pretoria. 

PALiBONTOGRAPHIOAL    SoGIKTT. 

The  annual  general  meeting  of  the  PalsBontographical  Society 
was  held  at  the  Geological  Society's  apartments,  Burlington  House, 
on  Friday,  17th  June,  Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.  The  fifty-seventh  annual  report  of  the  Council  and 
the  balance  sheet  were  submitted  for  the  approval  of  the  members. 
The  report  began  by  alluding  to  the  activity  at  present  prevailing 
in  the  study  of  British  fossils,  and  stated  that  the  Palsdontographical 
Society's  Council  continued  to  receive  more  offers  of  matter  than 
they  were  able  to  accept  for  immediate  publication.  The  volume 
for  1903  was  unusually  large,  and  was  illustrated  with  no  less 
than  48  plates.  It  comprised  the  concluding  parts  of  Dr.  Foord's 
Monograph  of  Irish  CarboniFerous  Cephalopoda,  and  vol.  i  of 
Mr.  Woods'  Monograph  of  Cretaceous  Lamellibranchia.  It  also 
contained  instalments  of  the  Monograph  of  Chalk  Fishes,  Car- 
boniferous Lamellibranchiata,  and  British  Graptolites,  besides  the 
first  part  of  a  new  Monograph  by  Mr.  Cowper  Reed  on  the  Palsdozoic 
Trilobites  of  Girvan.  The  publication  of  this  volume  involved  an 
expenditure  of  over  £200  beyond  the  income  received  during  the  year. 
The  report,  indeed,  showed  a  gradual  decrease  in  the  income  of  the 
Society  during  recent  years,  and  referred  to  the  necessity  of  filling 
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the  namerow  vaoanoieB  caused  by  death  with  the  younger  stadents 
of  foasils,  on  whom  the  future  proeperity  of  the  Society  depends; 
t  c\f  ^®  Treasurer,  Mr.  Robert  Etheridge,  of  Dr.  C.  H.  Gatty, 
and  of  Mr.  William  Vioary,  was  especially  deplored.  Dr.  Henry 
Woodward,  F.B.S.,  was  re-elected  President;  Dr.  Geoige  J.  Hinde, 
1?.K.S..  was  elected  Treasurer;  and  Dr.  A.  S.  Woodward,  F.B.S., 
was  re-elected  Secretary.  Bishop  Mitchinson,  Bev.  G.  F.  Whidborne^ 
Mr.  W.  H.  Hudleston,  F.B.a,  Mr.  T.  Leighton,  and  Mr.  A.  Strahan, 
*.B.S.,  were  elected  new  members  of  Council. 


OOI^RJ33SI*OJ^D.E32SrCJEC- 


THE  *yOREDALE'   ROCKS  OP  NORTH  DERBYSHIRE. 

Sm,--A  few  days  ago  I  enjoyed  the  privilege  of  attending  the 
excursion  of  the  Geologists'  Association  to  North  Derbyshire,  and 
I  was  impressed  by  the  tenacity  with  which  many  of  the  members 
of  the  party— including  geologists  of  repute— adhered  to  the  use 
of  the  term  'Yoredale'  for  the  strata  seen  in  the  excavations  of 
the  Derwent  Valley  Water  Board  and  elsewhere. 

In  Derbyshire  and  North  Staflfordshire  there  is  a  well-marked 
group,  consisting  of  dark  shales  with  thin  limestones  and  sandstones, 
situated  above  the  massive  Mountain  Limestone  and  below  the 
lowest  of  the  Millstone  Grits. 

I  should  like  to  ask  those  who  still  consider  the  name  '  Yoredale' 
to  be  applicable  to  this  group  in  this  area  to  be  so  kind  as  to  state 
the  foundations  of  their  belief.  Are  the  palceontological  or  the 
lithological  characters  their  guide  ? 

From  either  point  of  view,  I  think  it  has  been  clearly  shown 
that  the  deposits  in  question  are  sufficiently  differentiated  from  the 
typical  Toredales  to  justify  a  distinctive  appellation. 

The  name  'Toredale '  is  a  good  one  so  long  as  it  is  confined  to 
the  type  of  deposit  that  exists  in  and  about  the  Yorkshire  Yoredale 
district ;  m  addition  to  its  historic  interest  it  has  an  intrinsic  value 
in  connoting  a  set  of  conditions  pre-eminent  in  that  area ;  but  to 
continue  to  use  it  for  this  rock  in  North  Staffordshire  and  Derbyshire 
IS  to  maintain  a  stumbling-block  in  the  way  of  all  workers  who  are 
not  familiar  with  the  two  areas. 

lie  name  '  Pendleside  Group  '  has  been  proposed  by  Dr.  Wheelton 
Hmd  and  myself,  but  if  there  are  objections  to  this  there  still 
'^"J^'Su  ^^®  choice  of  the  non-committal  'Shales  with  limestones' 
and  *  Shales  with  sandstones '  of  the  Geological  Survey. 

Call  them  what  you  will ;  but  if  the  name  Yoredale  is  to  stand 
tor  these  beds  let  it  be  on  the  basis  of  solid  palseontological  evidence. 

MusBXTM  OF  Pbactical  Geoloot,  London  J«  Allen  Howe. 

May  2%th,  1904. 

NEOLITHIC  FLINT  FLAKES  AT  HOPE'S  NOSE,  TORBAY. 
Sib,— On  the  4th  of  last  May  I  found  four  flakes  or  chips  of  flint 
about  two  feet  deep  in  the  earthy  head  or  landwash  capping  the  low 
cliff  on  the  eastern  side  of  the  raised  beach  at  Hope's  Nose.    The 
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fragments  were  exposed  on  the  face  of  the  aeotion.  Sir  John  Evan» 
kindly  informed  me  that  he  considered  two  of  the  flints  to  b» 
artifioially  made,  and  probably  of  Neolithic  date.  The  soft  earthy 
capping  of  the  cliff  is  about  the  same  height  as  the  highest  beach 
deposits,  but  is  clearly  much  more  recent  The  flints  did  not 
overlie  the  beach,  but  were  to  the  eastward  of  the  eastern  end  of 
the  raised  beach. 

I  see  that  Sir  Archibald  Geikie  mentions  the  fact  that  the  20  foot 
terrace  on  the  north*east  coast  of  Ireland  has  produced  many  worked 
flints,  r^;arded  as  Neolithic  (Q.J.G.S.,  vol.  Ix,  p.  xcvi).  These 
Hope's  Nose  flints  are  clearly  moi*e  recent  than  the  raised  beach 
(about  equivalent  to  a  24  foot  terrace),  and  it  is  likely  enough  that 
they  were  made  out  of  the  flints  which  occur  in  the  beach,  but  are 
not  elsewhere  found  in  the  immediate  neighbourhood.  I  am  far 
from  wishing  to  trouble  your  readers  with  any  remarks  of  my  own 
on  this  rather  perplexing  subject,  but  the  mere  fact  of  the  discovery 
of  Neolithic  flakes  newer  than  the  adjacent  beach  at  Hope's  Nose, 
Torbay,  may  be  worth  a  bare  record.  A.  R.  Hunt. 

SOUTTTWOOD,  TOKQUAY. 

June  Uthy  1904. 


FRANK    RUTLEY. 
Born  May  14,  1842.  Died  May  16,  1904. 

The  son  of  a  medical  practitioner  at  Dover,  Frank  Rutley  became 
early  in  life  interested  in  geology,  and  studied  at  the  Boyal  School 
of  Mines  from  1862  to  1864.  In  1867  he  was  appointed  an  Assistant 
Geologist  on  the  Geological  Survey,  under  Sir  Roderick  Murchison 
and  Professor  Ramsay.  For  a  few  years  he  was  engaged  in  field- 
work  with  W.  T.  Aveline  in  the  Lake  District,  lliere  he  gave 
some  attention  to  the  subject  of  glaciation,  but,  probably  through 
the  influence  of  his  colleague,  the  late  J.  Clifton  Ward,  he  began 
to  undertake  the  special  study  of  rocks  and  rook-forming  minerals. 
The  importance  of  the  microscope  in  the  examination  of  rocks  wae 
at  this  period  becoming  recognized,  and  Mr.  Rutley  was  transferred 
to  the  Geological  Survey  Office  in  Jermyn  Street,  to  undertake  the 
determination  and  description  of  the  igneous  rocks  that  were  collected 
in  the  course  of  the  geological  survey ;  he  took  oharge  also  of  the 
rock-collection  in  the  Museum  of  Practical  Geology.  His  first 
official  work  dealt  with  the  volcanic  rocks  of  East  Somerset  and  the 
Bristol  district  (1876),  and  he  later  on  wrote  special  memoirs  on 
the  eruptive  rocks  of  Brent  Tor  (1878),  and  on  the  Felsitio  Lavas 
of  England  and  Wales  (1885). 

He  was  author  in  1874  of  a  small  but  exceedingly  useful  work 
on  Mineralogy  for  Murby's  '' Science  and  Art  Department"  series 
of  text-books,  of  which  a  twelfth  edition  was  issued  in  1900.  In 
1879  he  wrote  an  elementary  text-book  of  Petrology,  the  first  work 
of  the  kind  published  in  this  country,  entitled  "  The  Study  of  Rocks," 
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and  illuBtrated  by  many  of  his  own  exoellent  drawings.  Of  this 
a  second  edition  was  issued  in  1881.  Later  on  in  1888  he  published 
a  work  on  "  Rock-forming  Minerals,"  and  in  1894  ''  Granites  and 
Greenstones  :  A  series  of  Tables  and  Notes  for  Students  of  Petrology." 
In  1882  Mr.  Rutley  was  appointed  Lecturer  on  Mineralogy  in 
the  Royal  College  of  Science,  a  post  which  he  occupied  for  about  ten 
years,  when  he  was  unfortunately  forced  to  retire  through  disable- 
ment by  paralysis.  For  several  years,  so  far  as  his  strength  permitted, 
he  continued  to  work  with  unabated  enthusiasm  at  petrological 
subjects ;  and  until  the  end  he  never  ceased  to  take  great  interest 
in  his  favourite  studies.  He  was  a  man  who  in  early  life  was 
endowed  with  great  vigour,  but  his  habits  were  somewhat  erratic ; 
he  burned  the  midnight  oil  far  too  much,  toiling  into  the  early 
morning  when  he  should  have  slumbered,  and  finding  it  difficult 
in  consequence  to  conform  to  the  regulations  of  official  life ;  but  he 
was  a  genial  companion,  full  of  dry  humour,  and  ever  ready  to 
assist  others.  His  published  work  shows  how  assiduous  and  pains- 
taking he  was,  and  the  accompanying  list  gives  the  best  idea  of 
the  special  researches  which  he  carried  on  for  a  number  of  years. 
He  was  awarded  the  Murchison  Fund  by  the  Council  of  the 
Geological  Society  in  1881,  and  later  on  he  served  for  a  few  years 
as  a  member  of  the  Council : — 

1865.    [Ijetter  on  a  Subsidence  at  Lexden,  in  Essex]  :    Oeol.  Mac,  Vol.  II, 
pp.  231-2. 

1870.  [Letter  on]  Geology  of  the  Lake  District :  ibid.,  Vol.  VII,  pp.  584-5. 

1871.  [Letter  on]  Glaciation  of  the  Lake  District :  ibid..  Vol.  Vlll,  p.  93. 
1873.     **  On  a  New  Method  of  Writing  Crystallographic  Fonnulae  " :  ibid.,  Vol.  X, 

pp.  299-301,  527-8. 

1875.  ** Notes  on  some  peculiarities  in  the  Microscopic  Structure  of  Felspars": 

Quart.  Joum.  Geol.  Soc.,  vol.  xixi,  pp.  479-487. 

1876.  '*  On  some  Structures  in  Obsidian,  Ferute,  and  Leucite  " :    Mior.  Joum., 

vol.  XV,  pp.  176-183. 

1877.  **0n  Microscopic  Structures  in  Tachylite  from  Slieve-nalargy,  Co.  Down, 

Ireland"  :  Joum.  Roy.  Geol.  Soc.  Ireland,  ser.  ii,  vol.  iv,  pp.  227-232. 

1879.  <*  On  Community  of  Stracture  in  Rooks  of  Dissimilar  Origin  " :    Quart. 

Joum.  Geol.  Soc.,  vol.  xxxv,  pp.  327-340. 
**0n  Perlitic  and  Spherulitic  Stmctures  in  the  Lavas  of  the  Glyder  Fawr, 
North  Wales"  :  ibid.,  pn.  508-9. 

1880.  **  On  the  Schistose  Volcanic  Rocks  occurring  on  the  West  of  Dartmoor,  with 

some   Notes  on  the  Structure  of   the    Brent  Tor  Volcano":    ibid., 
vol.  xxxvi,  pp.  285-294. 
[Letter  on]  The  term  *  Schist ' :  Gbol.  Mao.,  Dec.  II,  Vol.  VII,  pp.  239-40. 

1881.  **  The  Microscopic  Characters  of  the  Vitreous  Rocks  of  Montana,  U.S.A. " : 

Quart.  Joum.  Geol.  Soc.,  vol.  xixvii,  pp.  391-399. 
*'  On  the  Microscopic  Stracture  of  Devitrined  Rocks  from  Beddgelert  and 

Snowdon ;  with  an  Appendix  on  the  Eraptive  Rocks  of  Skomer  Island  " : 

ibid.,  pp.  403-412. 
"Visit  to  the  Museum  of  Practical  Geology  [Rock  Collection]":    Proc. 

Geol.  Assoc.,  vol.  vii,  pp.  114-15. 

1884.  "On  Strain  in  Connexion  with  Crystallization  and  the  Development  of 

Perlitic  Stracture"  :  Quart.  Joum.  GeoL  Soc.,  vol.  xl,  pp.  340-346. 

1885.  "On  Fulgurite  from  Mont  Blanc;  with  a  Note  on  the  Bouteillenstein, 

or  Pseudo-Chrysolite  of  Moldauthein,  in  Bohemia":    ibid.,  vol.  zli, 

pp.  152-156. 
"  On  Brecciated  Porfido-rosso  antioo  " :  ibid.,  pp.  157-161. 
[Letter  on]  The  Enstatitic  Lavas  of  Eyeott  mil :  Geol.  Mao.,  Dec  III, 

Vol.  II,  p.  285. 
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1886.  '*  On  some  Eruptive  Bocks  from  the  Neighbourhood  of  St.  Minyer,  Corn- 

wall" :  Quart.  Joum.  Geol.  Soc.,  vol.  xlii,  pp.  392-400. 
**  The  Igneous  Rocks,  etc.,  of  the  Neighbournood  of  the  "Warwickshire 
Coal-field ":  Geol.  Mao.,  Dec.  Ill,  Vol.  Ill,  pp.  657-566. 

1887.  ''  On  the  Rooks  of  the  Malvern  Hills"  :  Quart.  Joum.  Geol.  Soc,  vol.  xliii, 

pp.  481-614. 

1888.  *'0n  Perlitic  Felsites,  probably  of  Archasan  Age,  firom  the  Flanks  of  the 

Herefordshire  Beacon ;  and  on  the  possible  Origin  of  some  Epidosites  "  i 
ibid.,  vol.  iliv,  pp.  740-744. 

1889.  **  On  Fulgurites  from  Monte  Viso  " :  ibid.,  vol.  xlv,  pp.  60-66. 

**0n  Tachylite  from  Victoria  Park,  Whiteinch,  near  Glasgow":    ibid., 
pp.  626-632. 

1890.  **  On  Composite  Spherulites  in  Obsidian  from  Hot  Springs  near  Little  Lake, 

Califomia  "  :  ibid.,  vol.  ilvi,  pp.  423-428. 
**  On  a  Specimen  of  Banded  Serpentine  from  the  Lizard,  Cornwall " :  Trans. 

Roy.  Geol.  Soc.  Cornwall,  vol.  xi,  p.  239. 
[Notes  on  Anglesey  Rocks]  :  Proc.  Liverpool  Geol.  Soc.,  vol.  vi,  p.  2. 

1891.  "On  a  Spherulitic  and  Perlitic  Obsidian  from  Pilas,  Jalisco,  Mexico": 

Quart.  Joum.  Geol.  Soc.,  vol.  xlvii,  pp.  630-632. 
**  On  some  of  the  Melaphyres  of  Caradoc,  with  Notes  on  the  Associated 

Felsites"  :  ibid.,  pp.  534-543. 
** Notes  on  Crystallites"  :  Min.  Mag.,  vol.  ix,  p.  261. 

1892.  **  Note  on  Crystals  of  Manganite  from  Harz^erode  " :  ibid.,  vol.  i,  pp.  20-1. 

1893.  *'  On  the  Dwmdling  and  Disappearance  of  Limestones" :  Quart.  Joum.  Geol. 

Soc,  vol.  xlix,  pp.  372-382. 

1894.  **0n  the  Sequence  of  Perlitic  and  Spherulitic  Stmctures:  a  Rejoinder  to 

Criticism  "  :  ibid.,  vol.  l,  pp.  10-13. 
**  On  the  Origin  of  certain  Novaculites  and  Quartzites"  :  ibid.,  pp.  377-391. 
**  Note  on  a  Zircon  from  Expailly,  Haute  Loire  "  :  Min.  Mag.,  vol.  x,  p.  278. 
**  On  Fulgurites  from  Griqualand  West"  :  ibid,  p.  280. 
**  Not©  on  some  Inclusions  in  Quartz  " :  ibid.,  p.  285. 

1895.  "  On  a  Sandy  Ironstone  occurring  above  the  Chalk  at  Capel,  near  Dover  "  : 

Geol.  Mao..  Dec.  IV,  Vol.  II,  pp.  227-229. 

1896.  **  On  the  Alteration  of  certain  Basic  Eruptive  Rocks  from  Brent  Tor,  Devon" 

(abstract) :  Quart.  Joum.  Geol.  Soc,  vol.  lii,  p.  66. 

1899.  **  On  a  Small  Section  of  Felsitic  Lavas  and  Tulb  near  Conway  (Caernarvon- 

shire)": ibid.,  vol.  Iv,  pp.  170-175. 
(With  J.  Park.)     **  Notes  on  the  Rhyolites  of  the  Hauraki  Goldfields  (New 
Zealand) " :  ibid.,  pp.  449-468. 

1900.  '<  Additional  Notes  on  some  Eraptive  Rocks  from  New  Zealand" :    ibid., 

vol.  M,  pp.  493-510. 

1901.  *'  On  some  Tufaceous  Rhyolitic  Rocks  from  Dufton  Pike  (Westmorland)  "  : 

ibid.,  vol.  Ivii,  pp.  31-37. 
[Note]  **0n  the  Olifant  Klip  from  Lydenburg  and  Ladysmith":   Geol. 
mIo.,  Dec.  IV,  Vol.  VIII,  p.  656. 

1902.  "On  an  Altered  Siliceous  Sinter  from  Builth  (Brecknockshire)":   Quart. 

Joum.  Geol.  Soc,  vol.  Iviii,  pp.  28-34. 


Bbidlington  Cbag.— The  fauna  of  the  Bridlington  Crag,  described 
by  Mr.  G.  W.  Lamplugh  in  the  Gbologioal  Magazine  for  1881, 
has  always  been  of  special  interest  to  geologists.'  The  following 
accoantby  Mr.  Thomas  Sheppard  of  recent  excavations  at  Bridlington 
exposing  this  deposit  will  be  of  special  interest  to  our  readers. 

Becently  an  opportunity  has  presented  itself  of  examining  the 
shell  patches,  and  a  party  of  geologists  left  Hull  for  an  examination 
1  See  also  his  letter  in  May  No.,  p.  237. 
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of  the  exoaTations  now  being  carried  on  in  connection  with  the  new 
sea-wall  and  promenade  being  built  at  Bridlington.  For  the  purpose- 
of  making  secure  foundations,  large  square  holes  of  about  8  feet 
sides  are  dug  into  the  beach  at  some  distance  from  the  present  sea- 
wall, north  of  the  promenade.  These  excavations  are  made  to  extend 
about  6|  feet  into  the  basement  clay — the  dark,  leaden-coloured, 
compact  deposit  containing  foreign  stones  and  occasional  shell 
fragments.  At  irregular  intervals  in  the  clay  occur  pockets  or 
streaks  of  the  '  Orag/  which  are  not  welcomed  so  much  by  the^ 
contractors  as  by  the  geologists.  These  pockets  sometimes  consist 
of  a  slightly  greenish-coloured  sand,  crowded  with  shell  fragments, 
and  in  other  cases  the  sand  is  of  a  ferruginous  nature,  due  to 
a  quantity  of  iron  oxide.  Whilst  shells  usually  occur  in  profusion 
in  these  pockets,  their  condition,  number,  and  variety  differ.  In 
one  the  shells  are  found  to  be  broken  up  into  very  small  fragments ; 
in  another  they  occur  not  so  plentifully,  but  in  fairly  perfect  condition  ;. 
another  will  principally  contain  portions  of  one  particular  species,  such 
as  Cyprina  i$lcMdica.     Another  contained  several  large  PeetuncvlL 

Mr.  Matthews,  the  borough  surveyor  of  Bridlington,  who  has 
interested  himself  in  the  matter,  has  done  his  best  to  assist  the  local 
geologists,  and  a  fine  collection  which  he  has  got  together  has  been 
presented  to  the  Hull  Museum,  through  Mr.  Stather,  the  Secretary 
of  the  Hull  Oeological  Society.  Amongst  the  material  is  a  small 
heap  of  broken  shell  fi'agments,  some  far-travelled  pebbles  (an 
examination  of  which  will  doubtless  yield  interesting  results),  a  few 
fairly  perfect  shells,  and  a  single  tooth  of  probably  a  small  shark. 
These  represent  the  careful  washing  of  two  bucketfnls  of  material. 
In  addition  Mr.  Matthews  kindly  conducted  the  visitors  round  the 
excavations,  where,  fortunately,  much  of  the  shell  material  had 
recently  been  thrown  out,  and  from  this  many  fairly  perfect 
specimens  were  obtained,  and  a  lai'ge  quantity  of  the  shell-bearing 
sand  was  brought  away  for  detailed  examination.  Among  the 
shells  secured  tibe  following  have  been  identified,  and  many  more 
will  be  added  to  this  list  after  the  material  has  been  properly 
examined:  Anomia  ephippiwn,  Peeten  ialandieus,  Mytilus  edulis^ 
Niteula  eobboldiay  Pectunculus  glyeymeriSf  Cardium,  Cyprina  islandieor 
Astarte  eompressa,  Tellina  balihica^  Mactra,  Mya,  Saxicava  rugosa, 
PholaSf  Dentalium  entcUes,  Sealaria,  Fusus,  and  Pleurotoma. 

The  collection  made  by  the  late  Judge  Bedwell,  together  with 
those  recently  acquired,  will  be  exhibited  in  a  case  in  the  Museum. 
IBM  Mus.  Publ,  No.  19,  1904.] 

Pbofsssor  E.  Kinoh,  of  Cirencester,  discusses  the  question  of 
<'The  Thames  Head"  {AgrieuUural  Students'  QazeUe,  April,  1904), 
and  maintains  that  the  true  head  is  at  Trewsbury  Mead,  Coates,  near 
Cirencester. 

**  NoTBS  on  the  Glacial  Phenomena  of  part  of  Wharfedale  "  form 
the  subject  of  an  article  by  Mr.  J.  B.  Dakyns  (Proc.  Yorksh.  Oeol. 
and  Poly  tech.  Soc.,  vol.  xv,  pt.  1).  He  finds  no  evidence  of  foreign 
ice,  but  all  the  facts  indicate  huge  confluent  glaciers,  or  ice*shafts 
(if  that  term  is  preferred)  of  home-made  ice. 
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NoTB. — It  should  be  observed  that  the  title  of  this  paper  is  rather 
unfortunate  since  it  starts  by  begging  the  question  of  a  marine  origin. 
I  consented  to  write  a  paper  for  the  Victoria  Institute  on  the  "  Tanganyika 
Problem,"  and  this  I  have  endeavoured  to  do,  so  far  as  available  infor- 
mation will  allow  me,  but  I  admit  at  the  outset  that  many  years  of 
observation  must  elapse  ere  the  Tanganyika  Problem  is  fully  solved. 


Paet  I. 
General  Considerations,  Zoology  and  Paleontology. 

IrUroductory, — Fifty  years  ago  Central  Africa  itself  presented 
a  problem,  which  as  far  as  geographical  exploration  extends, 
was  ripening  for  solution  at  the  hands  of  the  bold  explorers  of 
the  latter  half  of  the  nineteenth  century.  By  degrees  the 
wonders  of  the  Dark  Continent  were  revealed  to  the  geo- 
grapher and  the  naturalist,  and  even  the  geology  of  those 
regions  has  received  some  share  of  attention,  rather  by  way 
of  comparison  with  the  already  known  features  of  more  acces- 
sible districts,  such  as  the  Cape,  than  for  any  detailed  and 
systematic  description  of  the  rocks  which  constitute  their 
surface.  Although  missionaries  of  German  origin  contributed 
materially  to  our  early  knowledge  of  East  Central  Africa,  still 
the  larger  share  of  exploration  has  fallen  to  the  lot  of  our  own 
fellow-countrymen.* 

When  the  geographical  features  became  better  known,  it 
was  ascertained  that  this  once  mysterious  region  contained 
.numerous  lakes  of  immense  size,  some  of  them  situated  in  deep 
chasms  of  the  earth's  crust.  And,  more  unexpected  still,  it 
was  found  that  there  were  volcanoes  both  extinct  and  active, 
constituting  lofty  mountains  ;  and  furthermore  that  on  some  of 
these  mountains  glaciation  had  been  developed  on  a  consider- 
able scale,  and  that  glaciers  even  now  exist  on  the  higher 
peaks,  actually  under  the  equator. 

What  wonder,  then,  that  Equatorial  Africa,  and  particularly 
the  eastern  portion  of  it,  should  present  problems,  both  in 
geology  and  zoology,  which  are  difficult  of  solution  ?  As  for 
ourselves  we  must  admit  at  the  outset  that  we  are  entirely 
dependent  on  the  descriptive  portion  of  those  numerous  and 
excellent  works,  which  tell  us  of  this  coimtry;  and  if  we 
venture  in  any  case  to  hesitate  at  accepting  all  the  inferences 

*  One  of  the  greatest  of  whom,  Sir  H.  M.  Stanley,  has  just  parsed 
away  ;  to  the  general  regret  of  all  from  the  King  downwards.  Sir 
Henry  Stanley  was  a  Hon.  Corresponding  Member  of  the  Institute.— 
E.  H.'  (Ed.) 
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which  their  authors  have  drawn,  it  must  be  with  bated  breath 
and  with  the  full  consciousness  ever  present  in  our  minds  that 
they  have  been  there  and  that  we  have  not.  In  the  light  of 
so  much  that  lias  recently  been  revealed,  it  is  only  natural  that 
many  controversies  should  arise  and  some  of  these  perhaps 
may  be  ultimately  settled  by  more  extended  investigations 
leading  to  further  knowledge  of  the  subject.  As  a  case  in 
point,  I  may  mention  the  remarkable  circumstance  which  has 
greatly  exercised  the  minds  of  certain  zoologists,  viz.: — that 
there  are  some  species  of  fishes  in  the  waters  of  the  Upper 
Nile  which  also  occur  in  the  hydrographic  basin  of  the  Jordan 
in  Palestine,  and  yet  are  not  found  in  the  waters  of  the  Lower 
Nile  in  Egypt.  When  zoologists  are  desirous  of  accounting  for 
anything  which  seems  abnormal  or  difficult  of  explanation, 
they  are  quite  prepared  to  make  the  earth's  surface  undergo 
considerable  modifications  in  order  to  suit  their  special  line  of 
argument,  and  indeed  they  can  generally  find  a  sufficient 
number  of  geologists  to  back  them  in  such  a  course.  This 
subject  may  crop  up  again  when  we  proceed  to  consider  the 
geological  structure  of  eastern  Equatorial  Africa,  and,  there- 
fore, it  will  be  sufficient  at  the  present  moment  merely  to  refer 
to  the  hypothesis,  which  connects  the  drainage  of  the  Jordan 
system,  through  the  Gulf  of  Akabah  and  the  valley  of  the  Eed 
Sea,  then  supposed  to  be  a  fresh-water  river,  with  a  portion  of 
the  "  Rift  Valley"  system,  and  ultimately  with  the  drainage 
of  the  irpper  Nile.  Far  be  it  from  me  to  say  that  such  an 
explanation  is  incorrect,  but  it  certainly  ignores  all  existing 
hydrographic  arrangements  most  completely.* 

The  case  I  have  just  quoted  is  perhaps  more  difficult  of 
solution  than  the  problem  which  we  are  now  called  upon  more 
especially  to  consider,  viz. : — the  origin  of  the  halolimnic  fauna 
of  Lake  Tanganyika,  or  in  other  words  what  Mt.  Moore  very 
aptly  calls  the  "Tanganyika  Problem."  In  attempting  to 
grapple  with  this  very  curious  and  interesting  question,  be- 
sides the  zoological  evidence,  it  will  be  necessary  to  consider 
the  geological  structure  of  Equatorial  Africa  as  far  as  the  scanty 
details  of  our  present  knowledge  permit ;  and  if  we  venture  in 
this  connection  to  attempt  to  trace  any  portion  of  its  physical 
history  in  times  past,  such  reconstruction  should  harmonize  as 
much  as  possible  with  known  facts  and  existing  features. 

*  On  this  subject  the  reader  is  referred  to  a  paper  "  On  the  physical 
condition£f  of  the  Mediterranean  Basin,  which  have  given  rise  to  a 
community  of  some  species  of  fresh-water  species  in  the  Nile  and  in  the 
Jordan  Basins.'*    Tram,  Vict,  Inst.,  vol.  xxxi,  p.  3  (with  map). — E.  H.  (Ed.) 
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History  of  the  mhject  and  statement  of  Mr.  Moore's  me^cs. — The 
history  of  the  recognition  of  the  halolimnic  fauna  is  important 
as  tending  to  show  what  were  men's  views  from  time  to  time 
as  each  step  in  the  progress  of  discovery  was  made.  It  will  be 
remembered  that  Lake  Tanganyika  was  discovered  by  Burton 
in  1857,  and  that  his  companion,  Speke,  picked  up  a  few  dead 
shells  from  the  shores  and  brought  them  to  England,  The 
well-known  conchologist.  Dr.  Sdm.  P.  Woodward  {Proc.  ZooL 
Soc,  1859,  p.  348,  PI.  XLVII)  was  struck  with  the  peculiar  forms 
of  some  of  the  gasteropods,  which  he  considered  had  a  certain 
marine  look  about  them.  Subsequently  when  further  supplies 
were  procured,  Mr.  Edgar  Smith  (Proc.  ZooL  Soc.,  1881,  p.  276), 
in  a  paper  on  a  collection  of  shells  from  Lakes  Tanganyika  and 
Nyassa,  expressed  an  opinion  that  tliey  might  turn  out  to  be  the 
relics  of  a  former  sea.  The  subsequent  discovery  of  medusae  in 
Lake  Tanganyika  seemed  to  confirm  these  views  as  far  as  that 
lake  was  concerned.  Hence  before  Mr.  Moore  appeared  upon  the 
scene  most  of  those  who  had  paid  attention  to  the  subject  had 
expressed  themselves  as  favouring  the  view  of  the  marine  origin 
of  this  peculiar  fauna. 

Mr.  Moore,  as  a  result  of  his  first  journey  in  1896,  found 
"that  in  Nyassa  and  Shirwa  there  were  no  jelly-fishes,  nor 
anything  except  purely  fresh-water  forms;  while  in  Tangan- 
yika there  were  not  only  jelly-fishes,  but  a  whole  series  of 
molluscs,  crabs,  prawns,  sponges,  and  smaller  things,  none  of 
which  appeared  in  any  of  the  lakes  he  then  knew,  and  all  of 
which  were  distinctly  marine  in  type.*  Further  than  this, 
however,  he  found  that  none  of  these  strange  marine  looking 
animals  were  to  be  compared  directly  with  any  living  marine 
forms,  yet,  in  their  structure,  some  of  them  certainly  seemed 
to  antecede  a  number  of  marine  typen  in  the  evolutionary 
series,  and,  in  consequence,  they  appeared  to  hail  from  the 
marine  fauna  of  a  departed  age.  The  most  definite  result  of 
thfe  first  Tanganyika  expedition,  therefore,  appeared  to  be  that 
the  sea  had  at  some  fornier  time  been  connected  with  the  lake, 
but  when  or  how  remained  a  mystery." 

The  above  are  Mr.  Moore's  own  words  in  explanation  of  his 
views  after  the  termination  of  his  first  expedition.  It  should 
be  botne  in  mind  that  at  this  period,  viz.,  in  1898,  when  his 
inferences  were  laid  before  the  Eoyal  Society  (Proc.  Roy.  Soc, 
vol.  62),  there  was  an  idea  then  partially  and  perhaps  generally 
prevailing,  that  owing  to  the  peculiar  structure  of  the  Eift- 


*  J.  E.  S.  Moore,  The  Tanganyika  Problem  (1903),  p.  3. 
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Valley  system  and  its  obvious  physical  connection  with  the 
great  Red  Sea  depression,  that  the  "  halolimnic  "  fauna  might 
have  entered  Lake  Tanganyika  from  that  quarter,  and  would 
consequently  ])e  found  in  some  of  the  Kift- Valley  lakes  to  the 
northwards,  and  especially  in  Lake  Kivu,  with  which  at  the 
present  day  Tanganyika  is  hydrographically  connected  through 
the  River  RusizL  It  was  therefore  indeed  a  surprise  when 
Mr.  Moore  had  to  announce  as  the  result  of  his  second  expe- 
dition, commenced  in  the  spring  ol  1899,  that  no  trace  of  the 
"  halolimnic"  fauna  had  been  discovered  in  any  of  the  lakes, 
such  as  Kivu,  the  Albert  Edward,  or  the  Albert  Nyanza, 
which  lie  to  the  northward  of  Tanganyika  in  the  western  arm 
of  the  Rift- Valley  system.  Nay,  more,  it  would  seem  that  no 
such  thing  as  the  halolimnic  fauna  was  to  be  found  in  the 
great  upland  basin  of  the  Victoria  Nyanza,  nor  in  the  chain 
of  Jakes  associated  with  Lake  Rudolf  (Basso  Narok),  which  lie 
towards  the  northern  termination  of  the  eastern  arm  of  the 
Rift- Valley  system.* 

'1  o  (juote  Mr.  Moore's  own  conclusions  on  this  point :  "  It 
has  been  shown  that  throughout  Equatorial  Africa,  as  in  other 
great  continents,  there  is  a  normal  fresh-water  fauna  which  has 
nothing  peculiar  about  it    .    .    .    Subsequently,  the  fauna  of  L. 

*  Thei-e  appears  to  be  uo  longer  any  doubt  as  to  the  presence  in  Lake 
Victoria  Nyanza  ot  medusee  indistinguishable  from  those  oi  hake 
Tanganyika,  and  the  fact  cannot  l^  without  its  effect  upon  the 
acceptance  of  the  view  put  forwanl  by  Mr.  J.  E.  S.  Moore  that  the  fauna 
of  Lake  Tanganyika  differs  from  that  of  the  other  East  African  lakes  in 
alone  possessing  evidences  of  a  marine  origin  On  December  1,  1903, 
Prof.  Kay  Lankester  exhibited  at  the  Zoological  Society  some  medusee 
irom  Victoria  Nyanza  obtained  by  Mr.  Hobley  on  August  31,  1903,  and 
sent  to  London  by  Sir  Charles  Eliot.  A  doubt  being  raised  by  some 
supporters  of  Mr.  Moore's  theory  as  to  these  medusce  having  really  come 
from  Lake  Victoria  and  not  from  Lake  Tanganyika,  Sir  Charles  Lliot,  in 
a  letter  dated  Mombasa,  December  20,  1903,  wrote  to  Prof.  Lankester 
saying  that  the  medusae  were  collected  by  Mr.  Hobley  himself,  in  the 
Kavirondo  Gulf,  by  the  side  of  which  the  railway  terminus  is  situated, 
and  that  the  water  was  full  of  them.  Mr.  Hobley,  at  the  request  of 
Sir  Charles  Eliot,  had  endeavoured  to  study  the  life-history  of  the 
medusae,  but  he  failed  to  keep  them  alive  for  more  than  a  few  days.  The 
specimens  sent  to  London  were  said  by  Mr.  R  T.  Giinther  to  be 
indistinguishable  from  the  Limnocnida  tangant/icae  of  Lake  Tanganyika. 
It  is  interesting  in  this  connection  to  note  that  the  Victoria  medus«e  were 
discovered  quite  independently  in  the  same  locality  (Kavirondo,  in  the 
Kisuma  districtX  and  apparently  at  about  the  same  time  of  year. 
According  to  Globus  (Januarv  28,  p.  84),  M.  Ch.  Alluaud,  on  the  day  of 
his  arrival  at  Lake  Victoria,  discovered  a  marine  medusa  similar  to  that 
of  Lake  Tanganyika,  and  communicated  an  account  of  his  discovery  to 
the  Paris  Geographical  Society  on  September  19,  1903. — Nature, 
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Tanganyika  has  been  examined  in  detail,  and  it  has  been  shown 
that  this  lake,  like  all  other  great  lakes  of  Central  Africa, 
contains  the  ordinary  fresh-water  fauna  of  the  continent ;  but 
that  in  Tanganyika,  and*in  Tanganyika  alone,  there  are  a  number 
of  organisms  possessing  definitely  marine  and  somewhat  archaic 
characters.  Along  with  these,  the  halolimnic  members  of  the 
Tanganyika  fauna,  there  are  others,  such  as  the  prawns,  sponges 
and  protozoa  which,  although  not  like  the  previous  types, 
unique  in  being  foimd  in  Tanganyika  for  the  first  time  as  fresh- 
water forms,  are  notwithstanding  probably  portions  of  the  same 
group,  for  they  are  peculiar  to  Tanganyika,  and  are  not 
characteristic  of  the  general  fresh-water  fauna  of  the  African 
continent."  He  further  suggests  that  the  African  ganoids  and 
certain  other  membei-s  of  the  African  fish  fauna  may  be  portions 
of  the  *•  halolimnic  "  fauna.  Lastly,  he  points  to  the  significance 
of  the  similarity  which  subsists  between  the  shells  of  the 
halolimnic  gasteropods  and  "  the  remains  of  those  found  in  the 
deposits  of  the  old  Jurassic  seas." 

Thus  far  Mr.  Moore.  When  we  ourselves  attempt  to  face  the 
Tanganyika  Problem,  it  is  obvious  that  it  will  have  to  be 
considered  both  from  a  zoological  and  a  geological  point  of  view, 
and  the  question  is  which  shall  we  consider  first,  the  zoology  or 
the  geology  ?  We  are  dealing  with  an  exceptional  fauna, 
occurring  under  peculiar  conditions  and  in  what  was,  until  quite 
recently,  a  most  out-of-the-way  place.  Perhaps  the  first 
question  we  should  ask  ourselves  is  this :  Do  we  consider  that 
there  is  sufficient  evidence  of  the  marine  origin  of  the  halolimnic 
fauna  ?  This  fauna  is  placed  by  Mr.  Moore  himself  under  two 
diflerent  categories.  (1)  The  halolimnic  gasteropods,  which  are 
thought  to  be  homaeomorphic  with  certain  shells  from  beds  of 
the  Inferior  Oolite  formation  in  Western  Europe,  and  are  thus 
inferentially  regarded  as  descendants  of  those  forms.  (2)  A 
fauna,  not  so  thoroughly  exceptional  as  the  halolimnic 
gasteropods,  made  up  of  prawns,  sponges,  protozoa,  etc.,  which 
are  archaic  in  type  and  may  be  portions  of  the  same  group  of 
marine  derivatives.  The  presence  of  Medusa  also  is  held  greatly 
to  strengthen  this  view.  As  regards  the  portion  of  the  argument 
relating  to  the  fishes  it  has  been  stated  by  a  competent  authority 
that  the  fishes  described  by  Mr.  Boulenger  in  Mr.  Moore's 
beautiful  book  are  all  essentially  present  day  types,  and  do 
not  in  any  way  represent  survivors  from  the  seas  of  the 
Mesozoic  period.* 

*  Geological  Magazine^  September,  1903,  p.  418. 
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The  arguToent  limited  to  the  hcdolimnic  gasteropods, — Although, 

tlierefore,  the  subsidiary  fauna  of  exceptional  character  may 

help  to  strengthen  the  argument  in  favour  of  the  marine  origin 

of  the  entire  halolimnic  group,  yet  the  most  important  link  in 

this  chain  of  evidence  is  to  be  sought  in  the  hcdolimnic  gaderopods, 

vrhich  are  considered  so  greatly  to   resemble  Inferior  Oolite 

forms,  and  which  on  the  strength  of  this  resemblance  are  held 

to  be  derived  from  a  well  known  gasteropod  faima  of  Jurassic 

age.     The  malacological  evidence,  as  regards  the  Tanganyika 

species,  has  been  well  worked  out  by  Mr.  Moore,  and  the 

conclusions  as  to  the  peculiar  mixed  and  to  a  certain  extent 

archaic  structure  of  their  anatomy  must  imdoubtedly  have 

great  weight.     But  at  this  point  the  argument  fails  us,  for  when 

we  are  disposed  to  institute  a  comparison  between  living  8md 

fossil  species  we  must  in  the  main  fall  back  on  conchology  alone. 

One  point  of  importance  must  be  noted  here,  viz.,  that,  since 

the  connection  between  the  halolimnic  fauna  of  Tanganyika  and 

the  old  Jurassic  marine  fauna  is  confined  to  univalves,  one 

might  almost  have  expected   that  some  lamellibranchs,  and 

particularly  Trigoniay  if  only  in  a  modified  form,  might  have 

accompanied  their  moUuscan  relatives.     For  it  can  hardly  be 

contended  that  Trigaaia  would  suffer  more  from  translation  to 

fresh-water  conditions  than  the  numerous  species  of  gasteropods 

which  are  correlated  with  Jurassic  forms.  Moreover,  if  conchology 

is  to  be  our  guide  in  this  matter,  it  is  to  be  regretted  that  the 

author  of  the  "  Tanganyika  Problem  "  should  have  endeavoured 

to  minimize  the  value  of  a  branch  of  science  on  which  his 

conclusions  with  reference  to  the  Jurassic   origin  of    these 

Tanganyika  shells  must  in  the  main  be  based.* 

The  above  considerations  apart,  it  must  be  admitted  that 
there  are  some  genera  of  Tanganyika  gasteropods  which  have 
a  striking  external  resemblance  of  form  and  ornamentation  to 
certain  well-known  genera  which  more  especially  characterize 
the  Inferior  Oolite  of  the  Anglo-Norman  basin ;  and  if  such 
resemblance  is  not  fortuitous  there  seems  a  fair  reason  for 
regarding  them  as  the  possible  descendants  of  such  genera  or 
their  alUes.  Consequently,  some  portions  of  Mr.  Moore's 
latest  work  are  devoted  to  a  detailed  comparison  between  the 
Tanganyika  shells  and  their  presumed  Jurassic  analogues.  The 
text  is  accompanied  by  excellent  illustrations,  the  shell  and 
the  fossil  being  drawn  side  by  side.  As  a  detailed  criticism 
of  these  comparisons  might  be  somewhat  tedious  to  the  members 


*  Qeographical  Journal  for  1903,  p.  682  et  seq. 
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of  this  Society,  it  will  be  sufficient  to  relegate  this  portion  of  my 
paper  to  an  appendix,  and  briefly  to  state  the  impressions  which 
a  careful  examination  of  both  sets  of  shells,  the  fossil  and  the 
modem,  have  left  upon  my  mind.* 

As  a  result  of  this  detailed  examination  I  find  on  con- 
chological  grounds,  that  the  evidence  of  an  ancestral  connection 
between  certain  fossils  of  the  Inferior  Oolite  of  the  Anglo- 
Norman  basin  and  the  following  halolimnic  genera,  viz., 
Typhdbia,  Bathanalia,  Limtwlrochus,  Chylra,  Paramelania^ 
Bythoceras,  Tanganyicia,  Spekia,  and  Nasscqisis,  is  not  nearly 
80  strong  as  I  had  anticipated  from  the  inferences  already 
drawn  and  from  what  I  had  read  in  several  publications.  There 
are  two  Jurassic  genera,  chiefly  developed  in  the  Lower 
Oolites,  viz.,  Aniherleya  and  Fmyurina,  which  have  their 
conchological  analogues  in  Lake  Tanganyika,  and  in  some  cases 
the  resemblance  is  very  striking.  But  this  is  scarcely  sufficient 
to  justify  the  assumption  that  the  oceanic  character  of  these 
Tanganyika  molluscs  will  more  or  less  necessitate  tiiat  the 
Tanganyika  region  of  to-day  must  have  approximated  in 
character  to  an  arm  of  the  deep  and  open  sea  in  ancient  times,t 
and  the  inference  is  in  Jurassic  times.  Indeed  some  people^ 
I  believe,  have  gone  so  far  as  to  describe  Tanganyika  as  an  arm 
of  the  Jurassic  sea.  On  biological  grounds  alone  this  is  not  at 
all  probable ;  because  under  any  circumstances  this  would 
have  been  a  different  zoological  province  from  that  occupied 
by  the  Anglo-Norman  basin  in  Jurassic  times. 

It  is  further  pointed  out  in  the  appendix,  that,  besides  the 
resemblance  between  Jurassic  and  Tan<^anyikan  gasteropods 
noted  by  Mr.  Moore,  there  are  other  cases  of  what  I  have 
i-egarded  as  mere  mock  resemblances  ;  but  in  order  to  appreciate 
such  cases  it  will  be  necessary  to  study  the  appendix  closely, 
which  the  majority  of  the  members  probably  will  not  be 
inclined  to  do. 

On  the  whole,  taking  the  evidence  of  the  Medusa,  and  the 
other  semi-marine  forms,  as  well  as  that  of  the  halolimnic 
gasteropods  themselves,  a  fairly  good  jpnmd  fade  case  for  the 
originally  marine  origin  of  these  exceptional  organisms  has 
been  made  out,  nor  do  these  curious  gastei-opods  appear  to  be  in 
any  degree  of  close  relationship  with  their  ordinary  fresh-water 
companions,  although  most  of  them  undoubtedly  bear  traces  of  a 
long  probationary  experience  of  life  in  fresh-water.    This  may 


♦  Appendix  to  Part  I. 

t  Proceedings  Royal  Society y  1898,  p.  455. 
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be  seen  in  the  texture  of  the  shells,  the  colouring,  the  condition 
of  the  epidermis,  etc.,  which  may  be  noted  in  some  of,  but  not 
in  all,  the  genera. 

The  sLron;]jest  argument  of  all  in  favour  of  an  exceptional 
original  is  the  fact  that,  so  far  as  is  known  at  present,  the 
halolimnic  gasteropods  are  confined  entirely  to  Lake  Tanganyika, 
and  this  circumstance  will  incline  us  to  look  to  the  Congo  basin, 
as  beiug  the  place  where  the  mystery  may  some  day  be  solved.* 

Before  attempting  to  grapple  with  this  part  of  the  subject 
which  will  involve  the  study  of  the  geological  structure  of  large 
portions  of  Equatorial  Africa,  there  are  two  independent  con- 
siderations on  which  I  might  say  a  word. 

Distribution  of  Jurassic  faunas  in  intermediate  areas. — The 
first  of  these  considerations  relates  to  the  distribution  of  hiotvn 
Jurassic  faunas  in  areas  intermediate  between  the  Anglo- 
Norman  basin  and  Lake  Tanganyika,  so  far  as  such  an 
investigation  can  be  made,  and  thus  endeavour  to  ascertain 
if  this  will  throw  any  light  upon  the  possible  Jurassic  origin 
of  the  halolimnic  gasteropods  themselves.  From  the  quairies 
of  Dorset  to  the  depths  of  Tanganyika  is  a  far  cry  and  there 
should  be  some  half-way  houses,  some  stepping  stones,  as  it 
were,  to  bridge  over  the  vast  distance  that  lies  between  them. 
Mere  zoological  conjecture,  as  I  have  already  pointed  out,  is 
not  sufficient.  We  must  have  some  palceontological  evidence  in 
corroboration  of  the  intimate  relationship  claimed  to  exist 
between  the  two  gasteropod  faunas,  ie.,  between  the  real  fossils 
and  those  molluscs  which  are  only  archaic  in  their  internal 
development.  In  the  first  place,  then,  I  may  say  that  in  this 
country  the  peculiar  gasteropod  fauna  which  characterises  the 
Inferior  Oolite  of  the  Anglo-Norman  basin  can  hardly  be 
traced  above  the  Lower  Oolites,  though  a  stray  form  may  linger 
in  the  Callovian  or  even  the  Corallian  of  Yorkshire.  In 
middle  France  a  repetition  of  this  peculiar  fauna  is  seen  in  the 
Callovian  of  Montreuil-Bellay.  When  we  trace  the  Jurassic 
faunas  into  the  south-west  of  France,  although  there  is  much 
in  common  with  parts  of  the  Inferior  Oolite  of  our  own 
country,  yet  the  analogy,  as  far  as  gasteropods  are  concerned, 
is  mainly  confined  to  such  genera  as  Nerina^a. 


*  The  fact  that  a  species  of  jelly-fish  identical  with  the  one  in 
Tanganyika  has  recently  been  discovered  in  the  Victoria  Nyanza,  but 
slightly  affects  the  argument  as  regards  the  halolimnic  gasteropods.  We 
can  scarcely  doubt  that  the  more  mobile  organisms  have  had  opportuni- 
ties of  establishing  themselves  from  the  great  centres  of  distribution  in 
a  way  which  is  denied  to  the  more  sedentary  molluscs. 
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Out  of  about  thirty  genera  of  gasteropoda  quoted  in  Dr. 
Glangeaud's  list  from  the  Lower  Oolites  of  the  south-west  of 
France  the  genus  Purpurina  does  not  appear  at  all,  whilst  the 
genus  Amberleya  is  restricted  to  a  single  unnamed  species.  On 
the  other  hand  the  genus  Purpuroidea  is  recognised.*  Going 
further  south  again,  we  look  to  Chofiat  for  information  as  to 
the  Jurassic  faunae  of  the  Iberian  peninsula.  Hitherto,  I  have 
been  unable  to  come  across  any  systematic  list  of  the  gasteropod 
fauna  of  the  Jurassic  beds,  though  I  note  in  the  Faune 
Gretacique  du  Portugal,^  a  species  of  Purpicroidea  described  by 
that  author.  There  are,  however,  throughout  Chofifat's  numerous 
publications  many  lists  of  Jurassic  fossils,  yet  I  can  find  nothing 
which  might  lead  one  to  suppose  that  the  peculiar  Anglo- 
Norman  facies  of  Inferior  Oolite  gasteropods  can  be  traced  in 
the  peninsula. 

There  is  one  very  rich  gasteropod  fauna  of  Lias-Oolite  age  in 
Sicily  which  inspired  the  famous  monograph  of  Gemmellaro : 
"  Sui  fossili  del  calcare  cristallino  della  Montagna  del  Casale  e 
di  Bellampo,  nella  provincia  di  Palermo."  The  gasteropod 
facies  of  these  beds  possesses  some  forms  which  appear 
specifically  identical  with  those  of  the  Anglo-Norman  Inferior 
Oolite.  However,  there  is  no  Purpurina  and  only  one  species 
of  Amberleya. 

On  a  higher  Jurassic  horizon  in  the  same  island,  we  recognise 
an  AmherleyoAi^iQ  form  in  Eiicyclus  alpinus.  On  the  whole, 
however,  there  is  nothing  in  this  assemblage  which  would  help 
us  to  connect  this  gasteropod  fauna  specially  with  the  halo- 
limnic  gasteropods  of  Tanganyika. 

The  above  enumerations  may  be  regarded  in  the  light  of  a 
search  after  the  stepping  stones  between  the  Anglo-Norman 
basin  and  Lake  Tanganyika;  and  if  there  has  ever  existed, 
either  in  Jurassic,  Cretaceous,  or  Tertiary  times,  any  such 
connection,  direct  or  second  hand,  between  the  region  in  which 
Lake  Tanganyika  is  situated  and  the  sea,  as  is  claimed  by 
Mr.  Moore,  such  connection  has  most  probably  been  from  the 
northwards  and  ultimately  by  way  of  the  Congo  basin.  At  any 
rate  the  physical  configuration  of  Africa  seems  to  point  in  this 
direction  ;  and  since  this  is  the  case,  any  discovery  of  Jurassic 
faunas,  such  as  those  of  Madagascar,  though  very  interesting  in 
themselves,  and  in  reality  much  nearer  Tanganyika,  is  of  less 


*  Bvlletin  des  services  de  la   Carte  04ologi<pie  de    France  (No.  60) 
voL  viii.  (1896-7)  p.  118. 
t  VoL  i  (1886),  p.  6,  Plate  I,  &g.  1. 


Digitized  by  VjOOQ  IC 


OF  THE  HALOLIMNIC  PADNA  OP  LAKE  TANGANYIKA.    347 

importance  in  considering  the  origin  of  the  halolimnic  fauna, 
being  outside  any  possible  connection  with  the  Congo  basin. 

African  Jurassics  (Madagascar  and  Abyssinia). — Briefly 
referring  to  a  valuable  paper  by  Messrs.  Baron  and  Newton  on 
fossils  from  Madagascar  *  we  may  note  that  the  Jurassic  fossils 
of  that  region  are  fairly  numerous,  the  following  horizons 
having  been  determined  by  means  of  the  ammonites :  viz., 
Oxfordian,  Callovian,  Bathonian,  Bajocian  and  Lias.  Amongst 
the  Gasteropoda  were  two  species  of  Cerithium  from  the 
Oxfordian.  The  remainder  of  the  gasteropods  were  mostly 
from  the  equivalents  of  the  Great  Oolite  (Bathonian),  and 
included  Nerita  Buvignieri,  M.  and  L.  together  with  species  of 
Iferincea  and  Natica  described  by  Morris  and  Lycett;  also 
JSolarium  and  Trochtcs,  and  likewise  a  new  species  of  Opistho- 
branch  of  large  size  referred  by  Mr.  Newton  to  Trochactceonina. 
Along  with  this  limited  assemblage  of  gasteropods  occur  a  very 
considerable  number  of  lamellibranchs.  A  peep  at  Jurassic 
times  almost  imder  the  equator  is  interesting  in  this  connection, 
but  there  is  nothing  in  the  Madagascar  fauna  which  particularly 
reminds  us  of  the  halolimnic  gasteropods  of  Tanganyika. 

The  very  important  development  of  Jurassic  limestones  in 
Abyssinia  described  by  Dr.  Blanford,  is  extremely  interesting 
from  the  fact  that  undoubted  marine  beds  of  Jurassic  age 
have  been  raised,  in  a  district  situated  about  10^  N.  of  the 
equator,  to  plateau  elevations  of  8,000  feet  Nevertheless,  owing 
to  their  apparent  poverty  in  gasteropods,  these  beds  throw  no 
light  upon  the  question  with  which  we  are  at  present 
concemed.t 

Character  of  Fresh-watei^  Faunas. — The  second  independent 
•consideration  of  which  I  propose  to  treat  relates  to  the  character 
of  fresh-water  faunas,  and  more  especially  of  the  mollusca,  and 
this,  though  a  large  subject,  must  be  treated  briefly.  Without 
going  back  into  the  very  remote  past,  we  possess  a  considerable 
number  of  fresh-water  forms,  interlarded  as  it  were  with  those 
of  marine  origin,  in  the  Coal-measures.  This  subject  has 
received  much  attention  from  Dr.  Wheelton  Hind,  and  it  is 
interesting  to  note  that  most  of  these  forms  are  lamellibranchs, 
hence  they  are,  to  a  certain  extent,  outside  the  subject  more 
especially  under  consideration.  Gasteropoda  in  the  really 
fresh-water  beds  of  the  Coal-measures  are  rare. 

The  earliest  appearance  of  Paivdina  (Vivipara)   in    this 


♦  QttarteHv  Joumaly  Geological  Society^  vol.  51,  pp.  67-92. 
t  Blanford,  Geology  and  Zoology  of  Abytsinia,  1870. 
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country  occurs  towards  the  top  of  the  Inferior  Oolite,  where 
it  is  extremely  local  ;  and  as  a  proof  of  the  conservative 
character  of  some  fresh-water  organisms,  always  supposing 
them  to  have  lived  in  fresh-water,  this  form  is  ahnost  identical 
with  the  Paludina  vivipara  of  the  present  day.  I  mention 
this  genus  as  being  very  characteristic  of  fresh-water ;  and  on 
the  higher  horizon  of  the  Purbeck  beds  the  genus  is  represented 
by  two  other  species  in  great  abundance,  together  with  many 
other  fresh-water  genera.  Neveitheless  in  the  Purbecks,  as 
in  the  Coal-measures,  there  are  estuarine  intercalations  when 
a  different  set  of  fossils  are  found,  and  in  the  case  of  Paludina 
langtonensis  from  the  Lower  Oolites  of  Oxfordshire  marine 
gasteropods  occur  in  the  same  bed.  The  above  statements  supply 
a  few  facts  as  to  the  appearance  in  time  of  certain  fresh-water 
organisms  ;  but  the  question  of  their  origin  seems  scarcely  to 
have  got  beyond  the  range  of  conjecture.  However,  it  is  in 
the  Coal-measures  and  in  some  members  of  the  Jurassic 
system  that  the  question  of  the  orijjjin  of  fresh-water  molluscs 
can  best  be  studied  at  present.  Tlie  remarkable  uniformity 
ill  general  character  of  these  organisms  over  very  wide  spaces 
is  itself  a  problem  as  yet  by  no  means  solved. 

Before  proceeding  to  study  the  geology  of  Equatorial  Africa 
as  in  any  way  affording  a  possible  clue  to  the  origin  of  the 
halolimnic  fauna  and  especially  the  gasteropods,  which  present 
such  a  contrast  to  the  average  fresh-water  molluscs  of 
Tanganyika  or  of  any  other  African  lake,  we  might  consider 
a.  possible  explanation,  which  has  already  been  put  forward^ 
viz.,  that  some  of  the  halolimnic  genera,  such  as  Fara^nelania, 
for  instance,  might  be  related  to  such  a  stock  as  Pyrgulifera* 
a  fossil  from  fresh-water  beds  of  the  Upper  Chalk  in  southern 
Europe.  As  far  as  exterucal  appearances  go,  the  halolimnic 
Paramelania  resembles  the  Cretaceous  fresh-water  Pyrgulifera 
quite  as  much  as  it  does  the  Jurassic  Pwrpurinay  and  since 
Pyrgulifera  was  nearer  in  time  and  moreover  a  fresh-water  shelly 
it  might  with  more  probability  be  regarded  as  an  ancestral 
form.  Too  much  stress  should  not  be  placed  on  the  resem- 
blance of  a  single  genus,  but  it  is  a  fact  of  some  importance 
that  a  fresh-water  genus  of  the  Cretaceous  period  is  concholo- 
gically  as  like  the  old  PurpuHna  as  any  of  the  Tanganyika 
shells. 

On  the  possible  transference  from  marine  to  fresh-water  con* 


*  Figured  on  p.  343  of  the  Tanganyika  Problem  y  and  referred  to  on 
p.  335. 
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dUions. — If  we  accept,  merely  for  the  sake  of  the  argument,  the 
marine  origin  of  the  Tanganyika  halolimnic  jjasteropods,  and 
still  further  if  we  suppose  that  they  are  derived  from  certain 
indicated  Jurassic  forms,  it  becomes  a  question  when  and  where 
the  transference  from  marine  to  fresh-water  conditions  was 
efifected ;  in  other  words,  when  and  where  did  their  ancestors 
cease  to  be  marine  molluscs  and  become  fresh-water  ones.  I 
have  already  said  that  it  is  to  the  immense  Congo  basin  that 
we  must  look  for  any  indications  on  the  subject ;  but  before 
making  any  attempt  in  this  direction  it  may  be  as  well  to  point 
out  the  difficulty  in  supposing  that  this  transference  was 
effected  anywhere  in  the  Tanganyika  region  itself.  If  such  a 
transference  ever  took  place  we  should  seek  for  it  rather  in 
some  region  where  Jurassic  beds  are  known  to  occur,  or  at 
least  in  their  neighbourhood,  unless  we  leave  everything  to  mere 
conjecture.  Again  the  question  when,  i.e.  to  say,  at  what 
geological  period,  did  the  transference  take  place  is  equally 
important.  The  original  Jurassic  stock  of  our  hypothesis  must 
have  existed  as  Cretaceous  molluscs  during  the  Cretaceous 
period  and  as  Tertiary  molluscs  during  the  Tertiary  period.  It 
may  be  argued  that  these  considerations  are  in  favour  of  an 
early  separation  from  a  marine  area,  since  fresh-water  conditions 
are  held  to  be  conservative  of  form,  and  consequently  the  more 
remote  in  time  the  transference  took  place  the  less  likelihood  of 
change  in  the  morphology  of  the  shells. 

Undoubtedly,  in  the  long  run,  these  questions  of  when  and 
where,  which  I  have  put  before  the  members  of  the  Institute, 
must  be  determined  by  geological  and  above  all  by  palaeontolo- 
gical  considerations.  The  nearest  known  Jurassic  fauna  of  any 
importance  which  has  hitherto  been  described  is  that  of  north- 
west Madagascar  distant  in  an  air-line  from  the  south  end  of 
Lake  Tanganyika  about  1,400  miles,  and  almost  on  the  same 
parallel  of  south  latitude.  The  improbability  that  the  halo- 
limnic stock  was  derived  from  this  source  has  already  been 
indicated,  owing  to  the  physical  structure  of  East  Equatorial 
Africa,  which  we  shall  presently  proceed  to  study.  It  is  on 
the  whole  a  fortunate  circumstance  for  the  hypothesis  of  a 
Jurassic  origin  for  the  Tanganyika  stock  that  this  is  the  case, 
for  in  these  Jurassic  deposits,  which  would  have  the  advantage 
of  being  under  the  same  conditions  with  respect  to  latitude  and 
presumably  in  the  i*ame  zoological  province  as  the  area  of 
Tanganyika  in  Jurassic  times,  there  is  not  a  single  genus  of 
gasteropods  which  has  any  especial  resemblance  to  the  halolivmic 
gasteropo'h  of  Tanganyika.     See  ante,  p.  347. 
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Jurassic  fossils  of  the  Mediterranean  basin. — Hence,  if  we  still 
cling  to  the  notion  of  a  Jurassic  origin,  we  must  go  further 
afield  and  direct  our  attention  to  other  Jurassic  deposits  and 
especially  to  those  of  the  Mediterranean  basin,  as  being  more 
likely  to  give  us  some  inkling  of  a  possible  derivation  in  this 
direction.  I  have  already  refeiTcd  to  the  very  rich  deposits  of 
the  Lias-Oolite  in  Sicily,  but  we  may  come  to  Afiica  itself, 
where,  in  the  extreme  north,  marine  Jurassic  and  Cretaceous 
beds  have  been  fairly  well  exploited,  both  in  Algeria  and 
Tunisia.  Now,  as  a  proof  of  the  apparent  poverty  of 
the  Jurassic  beds  in  Gasteropoda,  I  would  observe  that 
Coquand*  was  only  able  to  enumerate  one  species,  although 
the  Cretaceous  and  Tertiary  beds  of  this  region  account 
for  over  fifty  species  of  Gasteropoda.  It  may  be  noted 
that  Volutaj  Strombtis,  Fvsus  and  Bucdnum^  are  quoted 
from  beds  of  Cretaceous  age  in  Algeria,  but  this  Gasteropod 
fauna  in  its  entirety  has  nothing  in  common  with  the 
Tanganyika  halolimnics  beyond  a  doubtful  shell  referred  to 
Trochus,  In  Tunisiaf  the  most  ancient  formations  are  those  of 
Jurassic  age,  forming  some  of  the  mountain  cores  such  as 
Zaghouan.  In  that  country  the  ammonite  fauna  is  charac- 
teristic of  certain  stages  of  the  Jurassic  system,  but  no 
gasteropods  are  mentioned.  Still  following  the  Mediterranean 
coast,  when  we  come  to  Egypt  the  Jurassics  fail  us  entirely, 
and  beds  of  Cretaceous  age  rest  directly  ou  the  Archaean.^ 

It  is  not  necessary  to  pursue  this  line  of  investigation  further 
beyond  observing  that  if  there  are  any  stepping  stones  between 
the  Anglo-Norman  basin  and  Central  Africa  qud  Gasteropods, 
they  remain  to  be  discovered.  1  will  now  direct  attention  to 
another  aspect  of  the  Tanganyika  problem,  viz.,  the  Geology  of 
Equatorial  Africa,  more  especially  in  connection  with  the 
physical  history  of  the  Congo  basin. 


*  OSologie  et  PaU<mtologie  de  la  region  sud  de  la  Province  de  Con- 
stantine^  MarseilleSj  1862. 

t  ExpL  de  Carte  Oeol.  Provtsoire,  par  Aubert,  circa  1890. 

J  By  this  name  I  propose,  without  prejudice,  to  indicate  the 
Crystalline  complex  which  is  the  foundation-stone  of  the  African 
continent. 
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Part  II. 

Outlines  of  African  Geology  with  Especial  Reference 
TO  the  Central  Regions  in  which  Lake  Tanganyika 
is  Situated. 

It  need  hardly  be  observed  that  Africa  is  an  extensive 
though  well-defined  continent,  and  from  its  size  it  might  be 
expected  to  exhibit  considerable  variety  of  rock  formation. 
Yet  this  is  by  no  means  the  case,  since  the  i)roportion  of 
crystalline  rocks  and  barren  sandstones  is  so  great  that  its 
life  history  has  been,  for  the  most  part,  but  obscurely  written. 
If  the  medals  of  creation  were  ever  struck  here  in  any  con- 
siderable quantity  they  have  since  been  in  a  great  measure 
destroyed.  The  absence  of  fossil  evidence  is  especially 
noteworthy  in  the  equatorial  regions,  which  form  the  special 
ground  of  our  inquiry. 

Roughly  speaking  for  geological  purposes  the  whole  of 
Africa  might  be  divided  into  three  divisions  of  very  unequal 
size. 

(1)  The  Northern  Division, — This  may  be  considered  as  part 
of  the  Mediterranean  basin,  and  indeed,  almost  as  European 
for  geological  and  erogenic  purposes,  always  regarding  the 
Atlas  range  and  its  dependencies  as  being  under  the  same 
tectonic  system  as  the  Alps.  Although  the  precise  boundaries 
of  this  division  can  scarcely  be  defined,  it  is  a  limited  area  and 
by  no  means  deficient  in  marine  fossiliferous  rocks.  In  Part  I, 
under  the  heading  of  Algeria  and  Tunisia,  some  of  the 
paheontological  features  of  this  division  have  already  been 
indicated.  Marine  beds  of  Mesozoic  and  Tertiary  age  constitute 
the  bulk  of  these  rocks.  Morocco  may  be  included  in  this 
category. 

(2)  The  Region  of  the  Great  Deserts  constitutes  the  principal 
part  of  the  second  division.  Prof.  Comet*  tells  us  that  this 
is  characterized  by  the  horizontality  of  the  palaeozoic  beds,  as 
though  the  area  had  not  been  one  of  disturbance  for  a  long 
period.  He  also  says  that  there  is  a  great  hiatus  in  the 
formations  of  this  region,  extending  in  time  from  the  Car- 
boniferous to  the  Cretaceous. 


♦  **  Formations  postprimaires  du  bassin  du  Congo,"  Ann.  Soc  G^L 
Edge,  voL  21  (1893-4). 
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Egypt  might  be  included  in  this  district,  where,  as  in  the 
case  of  the  Nubian  sandstone,  beds  of  Cretaceous  age  rest  on 
the  Archaean.  Altogether  the  Cretaceous  and  Tertiary  beds  of 
this  region  are  analogous  to  those  of  Syria  and  of  countries  still 
further  to  the  eastward.  The  southern  extension  of  the  great 
-Cretaceous  overlap  in  this  area  is  not  exactly  known;  but 
De  Lapparent*  has  recently  announced  the  discovery  of  Eocene 
fossils  on  the  frontier  of  Sokoto  due  west  of  Lake  Tchad.  He 
also  announces  the  discovery  of  an  upper  Cretaceous  echinoid, 
believed  to  be  from  Belina,  which  is  300  miles  north  of  the 
same  lake. 

The  full  significance  of  these  discoveries  can  only  be  realised 
by  the  aid  of  a  map ;  but  among  the  results  thus  obtained  we 
find  that  marine  deposits  of  Mesozoic  and  Tertiary  age,  as  proved 
by  their  fossils,  are  now  known  to  exist  within  ]  4°  north  of 
the  Equator.  Indeed  there  is  no  reason  why  a  considerable 
portion  of  the  basin  of  Lake  Tchad  should  not  be  underlain  by 
Cretaceo-Eocene  formations,  which  in  all  probability  extend 
from  the  Atlantic  coast  of  Senegal  to  the  crystalline  rocks  of 
the  Ethiopian  Highlands.  The  effect  of  this  would  be  that  a 
much  larger  portion  of  Northern  Africa  than  hitherto  supposed 
must  be  included  in  our  second  division,  though  the  limits 
between  this  and  the  third,  or  peninsular  division,  cannot  yet 
be  defined.  There  is,  however,  one  marked  difference  between 
our  second  and  third  divisions,  which  cannot  be  too  soon 
realised,  viz.,  that  in  the  second  division  fossiliferous  marine 
beds  of  Mesozoic  and  Tertiary  age  penetrate  into  the  heart  of 
the  continent,  whereas  in  the  third  division  such  beds  occupy 
but  a  narrow  fringe  between  the  sea  and  the  peninsular  massiL 
'J'hus,  the  physical  history  of  the  two  regions  is  entirely 
different. 

(3)  Peninsular  Africa. — Constitutes  the  third  division,  and 
this  may  be  divided  as  follows  : — 

Section  a.  The  Cape  Beds,  which  have  now  been  studied  for 
a  long  time,  and  which  it  is  necessary  in  some  measure  to  refer 
t),  if  we  would  endeavour  to  understand  the  geology  of 
Equatorial  Africa.  There  is  a  useful  summary  of  these  beds 
in  a  recent  issue  of  the  Geological  Magazine,^  which  I  condense 
as  follows : — 


♦  Bull  Soc.  Q4ol,  France  (4)  III,  No.  3,  p.  299  (1903). 
t  December,  1903,  p.  569.     See  also  Seward,  op.  cit,  November,  1903, 
who  deduces  the  age  from  plant  evidence. 
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Beds.  Age, 

Superficial  Deposits  ....  Recent,  etc. 

^      .  ,     /  Pondoland  Series  ....  Cretaceous. 

^^^^^^    1  Uitenhage  Series  ....  Wealden. 

{Stormberg  Series  ....  Bhuetic. 

Beaufort  Series  ....  Triassic. 

S^Sriee  }  Penno-Carboniferous. 

Cape  System  ....  ?  Old  Palaeozoic. 

Pre-Cape  Rocks  ....  Archeean. 

The  beds  above  referred  to  the  Cretaceous  and  Wealden  are 
eimply  strips  along  the  coast,  and  it  may  be  said  generally  of  the 
principal  system,  viz.,  the  Karoo,  that  its  fauna  and  flora  are 
.entirely  fresh-water  or  terrestrial.  The  older  beds  on  which 
the  great  Karoo  system  unconformably  rests  contain  no  maiine 
fossils.  It  is  probable  that  the  beds  marked  as  Khsetic  were 
formerly  regarded  as  Triassic. 

Section  h. — We  now  come  to  consider  the  geological  structure  of 
Uqicaioricd  Africa  adjoining  the  Cape  Beds,  which  lie  to  the 
Bouth.  With  certain  exceptions  presently  to  be  described,  the 
beds  of  this  region  coincide  geographically  with  the  Congo 
basin.  Cornet  says  of  this  region  that  it  is  constituted  by 
depressed  massifs,  formed  of  Archaean  and  Palaeozoic  beds  much 
folded ;  these  are  covered  by  beds  almost  horizontfiJ  extending 
over  immense  distances,  consisting  of  conglomerates,  sandstones 
and  clay  schists,  all  utterly  unfossiliferous.  This  is  the 
unpromising  region  which  we  have  to  study  with  some  degree  of 
detail,  but  before  doing  so  it  will  be  necessary  to  glance  at  the 
history  and  structure  of  the  peculiar  mountain  chain,  which 
though  it  hangs  to  the  eastern  side  of  tlie  continent,  is  called 
by  Mr.  Moore  the  great  Central  Range. 

The  vtountain-^imri  or  plateau-range  of  Hast  Africa. — In 
the  above  geological  disquisition  we  must  not  lose  sight  of  our 
main  object,  which  is  to  account,  if  we  can,  for  the  presence  of 
the  peculiar  halolimnic  fauna  of  Lake  Tanganyika.  Now  this 
lake,  which  has  a  length  fiom  north  to  south  of  400  miles,  lies 
at  the  junction  of  the  Great  Central  Eange  with  the  enormous 
Congo  basin.  We  shall  consider  the  structure  of  the  Congo 
basin  in  some  detail  presently,  but  a  few  words  as  to  the 
peculiar  mountain  system  with  which  the  lake  is  connected 
ought  to  be  useful.  If  we  want  to  account  for  anything,  we 
must  understand  the  position  on  all  sides. 

This  mountain  chain  is  largely  volcanic  in  its  composition, 
and  it  will  be  sufficient  for  our  purpose  if  we  take  our  start  from 
the  great  volcsmic  mountain  mass  of  Abyssinia,  whose  geological 
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features,  to  a  certain  extent,  resemble  those  of  the  peculiar 
mountain  plateau-region  which  is  characteristic  of  Equatorial 
East  Africa.  Isolated  volcanoes,  now  extinct,  such  as  Elgon, 
Kenya  and  Kilima-Njaro  rise  to  heights,  in  the  two  latter  cases, 
of  over  18,000  feet,  but  the  most  characteristic  feature  is  the 
double  chain  of  depressions  which  contain  the  numerous 
longitudinal  lakes  of  Equatorial  Africa.  This  system,  which 
may  be  said  to  commence  with  Lake  Eudolf,  just  south  of 
Abyssinia,  bifurcates,  the  eastern  and  smaller  arm  containing 
such  lakes  as  Baringo  (3,200  feet),  and  Navaisha  (6,200  feet), 
whilst  the  western,  or  more  important  arm,  includes  the 
uppermost  Nile-valley  and  such  lakes  as  the  Albert  Nyanza 
(2.300  feet),  the  Albert  Edward  (3.240  feet),  and  Kivu  (4,900 
feet).  This  latter  lalce,  as  Mr.  Moore  has  shown,  formerly 
belonged  to  the  Nile-valley  system,  but  owing  to  volcanic 
extravasations  the  drainage  has  been  reversed  and  its  waters 
now  find  their  way  into  Lake  Tanganyika  (2,700  feet).  The 
two  arms  of  this  double  series  of  longitudinal  depressions  are 
regarded  as  to  a  certain  extent  coalescing  in  the  great  lake  of 
Nyassa  (1,500  feet),  where  the  system  of  these  peculiar 
longitudinal  depressions  may  be  said  to  terminate.  The 
mountain  system  of  East  Africa,  in  another  form,  is  renewed 
in  the  Drakensberg,  where  the  surveyors  have  lately  found 
numerous  indications  of  volcanic  action.  A  sketch-map  of  the 
East  African  Lake-Chain  (after  Suess).  modified  from  Gregory's 
The  Qrecit  Rift  Valley,  is  appended.  (Fig.  1.) 
.  Between  the  two  arras  of  the  system  of  longitudinal 
depressions  ("  Graben  "  of  Suess)  is  situated,  the  wide  basin  of  the 
Victoria  Nyanza  (3,900  feet)  which  has  an  area  in  miles  of 
270  X  225 — a  veritable  inland  sea.  This  constitutes  a  sort  of 
broad  and  shallow  depression  in  complete  contrast  to  the 
Graben  with  their  vertical  walls  and  succession  of  trough 
faults. 

Our  brief  sketch  of  the  Great  Central  East  African  Bange 
would  not  be  complete  without  allusion  to  two  very  remarkable 
features  in  connection  tlierewith,  which  characterize  the 
uppermost  Nile- valley  system  in  the  neighbourhood  of  the  Lake 
AJbert  Edward.  The  first  of  these  is  the  still  active  volcanic 
range  of  Mount  M'fumbiro  which  crosses  the  great  western  arm 
of  the  Graben  system  at  a  right  angle,  and  rises  to  a  height  of 
14,000  feet  in  Karisimbi  (extinct),  whilst  the  rim  of  the 
crater  of  the  still  active  Kirungo-cha-Gongo  Mr.  Moore  found 
to  be  11,350  feet.  As  he  observes,  this  mass  acts  like  a  dam  to 
the  original  drainage  of  the  Graben.     The  chief  points  to  note 
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FIO.    1. — PLAN    OF    THB    QRABEM    8T8TBM  AND  ITS  RELATION  TO  THE 
CONGO  BASIN. 


Eastern  Arm. 

Western  Arm, 

1.  Lake  Stefanie. 

2.  „     Rudolf. 

3.  „     Baringo. 

4.  „     Navaisha* 
6.      „     Natron. 
6.      „     Manyora. 

7. 

8. 

9. 
10. 
11. 

12.  Lake  Nyassa. 

Lake  Albert. 
„     Albert  Edward. 
„     Kivu. 
„     Tanganyika. 
„     Rukwa. 

in  this  case  are :  (1)  The  existence  of  volcanic  action  within 
the  containing  walls  of  the  great  western  Graben.  (2)  The 
fact  that  volcanic  action  is  not  extinct  in  this  region,  though  it 

B  2 
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is  probably  fast  dying  out.  There  are  yeu  some  traces  of 
volcanic  activity  in  the  eastern  arm  of  the  Graben.  where  the 
mountain,  Longonot  (9,350  feet),  still  shows  a  fresh  looking 
crater  and  emits  steam.  The  facts  in  regard  to  the  existence  of 
modern  volcanic  action  in  the  Graben  system  is  of  importance  in 
connection  with  any  attempt  to  estimate  the  age  of  this  mountain 
plateau-system,  in  which  the  Graben  themselves  are  situated. 

The  second  feature  in  connection  with  the  equatorial  portion 
of  the  Great  Central  chain  is  the  existence  of  the  short,  but 
lofty  Ruwenzori  Range,  whose  southern  extremity  lies  actually 
on  the  equator.  Whilst  the  axis  of  the  volcanic  chain  of  Mount 
M'fumbiro  lies  at  rio;ht  angles  to  the  northerly  trend  of  the 
great  western  Graben,  that  of  the  crystalline  system  of 
Ruwenzori  is  approximately  parallel  to  it.  "These  ranges, 
which  rival  the  Alps  in  magnitude  and  in  the  sublimity  of  their 
scenery,  lie  along  the  eastern  edge  of  the  depression,  and  appear, 
in  fact,  to  stand  out  into  it  beyond  what  was  originally  its 
eastern  face."*  We  recognise  the  importance  of  the  above 
observation,  as  it  tends  to  show  that  this  portion  of  the  Graben 
is  older  than  the  Ruwenzori  Range  itself.  The  adjacent  Victoria 
Nyanza  plateau  is  mainly  composed  of  schists  and  gneiss, 
and  this  class  of  rock  usually  terminates  abruptly  at  the 
eastern  edge  of  the  Graben  where  the  depression  ensues.  But 
opposite  Ruwenzori,  instead  of  being  broken  oflf  at  the  edge  of 
the  depi'ession  the  gneiss  and  schists  are  bent  and  piled  upon 
the  steep  flanks  of  the  mountains  themselves,  which  in  their 
more  central  portions  are  found  to  consists  of  massive  old 
amphibolites.  These  latter  are,  most  probably,  the  base  of  the 
Archaean,  as  developed  throughout  the  greater  part  of  Equatorial 
Africa,  and  these  amphibolites  seem  to  have  been  thrust  up 
through  the  overlying  gneissic  and  schistose  layer.f 

Otology  of  British  East  Africa, — ^Having  paid  some  attention 
to  the  physical  structure  of  the  Central  Range  with  its 
associated  Lake  Chains,  it  would  not  be  amiss  just  to  glance  at 
the  geology  of  the  equatorial  region  of  East  Africa  and  its 
relations  to  the  remarkable  system  of  Graben  already  partly 
described.  In  this  respect  we  cannot  do  better  than  follow 
Gregory  in  his  description  of  the  region  between  tlie  Indian 
Ocean  and  the  Victoria  Nyanza,  which  includes  the  eastern  arm 
of  the  Graben  system.      The  subjoined  section,   which    lies 

♦  Moore,  The  Tanganyika  Froblemy  p.  94.  He  gives  the  altitude  of 
the  highest  peaks  at  about  16,500  feet 

t  AmphibolUes  are  igneous  rocks  in  which  hornblende  is  a  chief 
constituent ;  diorite  is  a  common  variety. — R  H.  (Ed.) 
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almost  on  the  Equator,  will  serve  not  only  8ts  a  description 
of  the  immediate  region,  but  may  in  many  respects  be  regarded 
as  typical  of  Peninsular  Africa,  both  east,  south  and  west. 
In  particular  the  section  shows  : 

(1)  That  fossiliferous  deposits  are  a  mere  coastal  fringe,  or 

at  least  get  no  further  inland  than  the  Foot  Hills, 
and, 

(2)  The  enormous  development  of  old  crystaUine  and  more 

recent  volcanic  rocks. 


FIG.    2. — SECTION   ACROSS    BRITISH   KAST     AFRICA  (AFTER  GREGORY  I    "  RIFT 
VALLEY,"  p.  222.) 


Victoria 
Nyanz,u 


Graben. 


Primitive 

Volcanic      crystaJline 

chain.        moantains. 


Foot  hills. 


Jb^Man  Of  an 


GEOLOGICAL  SIGNS. 

(a)  Coastal  deposits  :  raised  coral-reefs  and  old  sea  beaches  with  much 
wind-borne  sand. 

(6)  The  foot  plateau.  The  seaward  portion  consists  of  shales,  etc.,  of 
middle  Jurassic  age  as  proved  by  their  ammonites  ;  the  middle 
portion  of  bright  coloured  sandstones,  probably  of  Triassic  age,  but 
without  marine  fossils ;  the  western  portion  of  shales  of  probably 
Permo-Carboniferous  age,  with  land  plants  and  fresh- water  moUusca 
(Palcteanochnta). 

(c)  The  portion  of  the  Archaean  rocks  to  the  eastward  of  the  volcanic 

region. 

(d)  Volcanic  region,  consisting  of  plateaux,  mountains  (Kenya,  Kilima 
Njaro,  etc.),  and  Graben. 

(<f)  Archaean  rocks  west  of  the  volcanic  region.  N.B.— The  Archeean 
system  is  said  to  cover  something  like  two-thirds  of  British  East 
Africa,  and  there  can  be  little  doubt  that  it  underlies  the  greater 
part  of  the  rest 

(«)  Lower  Palaeozoic  rocks  without  fossils  on  the  horizon  of  the  Karagwe 
series — here  and  there  on  the  shores  of  the  Victoria  Nyanza. 

An  old  crystalline  axis  is  well  shown  in  the  above  generalized 
section,  and,  as  we  perceive,  these  crystalline  rocks  are  stated 
to  cover  two-thirds  of  this  part  of  the  country.  Indeed  it  has 
always  been  an  idea  of  mine  that  the  immense  extent  of  old 
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crystallines  in  Peninsular  Africa  helps  us  to  understand  the 
sandy  and  unfossiliferous  nature  of  the  bulk  of  its  sedimentaiy 
rocks.  What  we  now  see  aie  merely  the  eroded  stumps  of 
crystalline  masses  which  once  towered  in  the  air,  but  which 
have  been  riven  for  ages  by  equatorial  storms  and  rains,  and 
their  material  distributed  by  torrents,  rivers,  and  backwaters, 
so  as  to  help  to  level  up  the  surface.  In  this  particular  case 
the  crystalline  system  has  been  invaded  by  an  enormous 
extent  of  volcanic  extravasations,  and  if  we  wish  to  discover 
the  age  of  the  Great  East  African  Central  Chain,  as  it  now 
exists,  we  must  endeavour  to  ascertain  the  period  during  which 
these  phenomena  have  been  in  operation.  The  origin  of  Lake 
Tanganyika  itself  depends  upon  these  considerations.  That 
this  period  is  post-Jurassic,  there  can  be  little  doubt,  for  the 
strip  of  Jurassic  rock  near  Mombasa  is  traversed  by  dykes, 
which  seem  to  be  connected  with  the  general  mass  of  extra- 
vasated  matter  on  the  central  plateau.  It  is  probable,  how- 
ever, that  a  much  later  date  may  be  assigned.  In  this  con- 
nection I  would  refer  to  Dr.  Gregory,*  who  places  the  first 
plateau-eruptions  in  the  Cretaceous,  probably  towaixis  the  close 
of  that  period,  as  is  the  case  with  the  great  basaltic  outpourings 
of  Western  India.  From  this  time  up  to  the  Pleistocene  there 
have  been,  according  to  this  author,  a  succession  of  eruptions 
aud  coast-movements,  and  he  places  the  first  series  of  Eift- 
Valley  faults  (Gralien)  in  the  Upper  Eocene  and  the  second 
series  in  the  Pliocene.  These  statements  are  made,  principally 
with  reference  to  the  eastern  arm  of  the  Graben  system,  but  it 
would  probably  apply  also  to  the  western  arm  in  which  Lake 
Tanganyika  is  situated.  It  is  pretty  clear,  however,  that 
volcanic  eruptions  have  taken  place,  as  we  now  know,  down  to 
the  present  time,  and  that  earth  movements  have  continued, 
for  some  of  the  i'ault  scarps,  Dr.  Gregory  observes,  are  so  bare 
and  sharp  that  they  must  be  of  very  recent  date. 

Enough  has  now  l>een  said  with  regard  to  the  anomalous 
history  and  condition  of  the  Great  East  African  Central  Chain 
and  its  double  string  of  lakes  of  depression.  Tanganyika  is 
the  largest  and  most  peculiar  of  all  these,  and  its  origin  is 
intimately  connected  with  the  above  considerations.  We  may 
believe  that  its  initiation  may  have  taken  place  in  early 
Tertiary  times,  but  that  both  its  drainage  area  and  also  the 
great  liilt  in  which  it  occurs  have  undergone  some  modification 
owing  to  the  instability  of  the  earth*s  crust  in  that  region. 


♦  The  Oreat  Rift  Valley,  p.  235. 
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Geological  stncdure  of  the  Congo  basin, — The  above  considera- 
tions present  to  us  only  one  phase  of  Tanganyika's  history.  If 
we  desire  even  to  try  to  account  for  its  peculiar  fauna  we  must 
now  turn  to  another  factor  in  the  case,  viz.,  the  geological 
structure  of  the  Congo  basin,  with  which  it  seems,  ^most  by 
accident,  as  it  were,  to  be  connected.  This  is  a  very  large 
subject,  and  the  region  under  consideration  is  quite  the  iK)n- 
verse  of  the  one  previously  described ;  for  we  are  about  to  deal 
with  an  immense  circular  area  having  only  an  elevation  of 
from  1,000  to  2,000  feet  above  sea  level,  and  which,  for  the 
most  part,  seems  to  have  been  free  from  tectonic  disturbance. 
It  might  be  thought  there  would  be  immense  variety  of  forma- 
tions in  this  region,  but  if  the  Belgian  and  French  geologists, 
whom  I  shall  presently  quote,  are  correct,  we  have  the  old 
story  over  again : — a  rim  of  crystalline  and,  possibly,  palaeozoic 
rocks,  with  absolutely  unfossiliferous  sedimentaries,  largely 
consisting  of  sandstones,  dumped  down  in  the  centre. 

The  best  evidence  we  obtain  of  the  general  structure  of  the 
Congo  basin  is  derived  Irom  the  writings  of  Professor  Comet, 
of  Mons,  supplemented  for  the  French  Congo  by  those  of  Mons. 
Barrat,  a  mining  engineer,  and  inspector  of  public  works.* 
The  first  mentioned  author  is  a  geologist  of  great  experience, 
and  his  earliest  work  in  this  region  (Katanga)  relates  co  the 
geology  of  the  Uppermost  Congo  in  the  basin  of  the  Lualaba, 
which  is  almost  in  touch  with  Tanganyika  itself.  Before  ven- 
turing, however,  to  deal  with  this  ground,  1  will  bring  to  your 
notice  Professor  Comet's  experiences  on  the  Lower  Congo. 
The  railway  from  Boma  to  Stanley  Pool  has  materially  helped 
the  engineer  to  obtain  a  fairly  accurate  idea  of  this  piece  of 
country.  It  is  true  that  this  railway  is  only  350  kilometres 
(216*35  miles)  in  length,  and  that  the  distance  from  the  outlet 
of  the  Lukuga  on  Lake  Tanganyika,  measured  in  a  straight 
line  along  the  sixth  parallel  of  south  latitude,  is  nearly  1,300 
miles,  yet  the  section  traversed  by  the  railway  and  prolonged 
to  about  the  neighbourhood  of  Bolobo,  appears  to  be  the  key  to 

♦  Comet,  "  Terrains  anciens  du  Katauga  (expedition  de  1891-93X"  Lidge 
(1897). 

Cornet.  "  Obeervatious  sur  la  g6ologie  du  Congo  ocdden  tal. "  BulL  See. 
OM.  Bdg.y  vol.  x  (1896). 

Comet,  ^'  Etudes  sur  lag^ologie  du  Congo  occidental'*  Op,  cit,,  voL  xi 
(1897). 

Cornet,  '*  Les  formations  post-primaires  du  bassin  du  Congo,**  Ann.  Sac. 
OM.  Belg.,  vol.  21  (1893-4). 

Barrat.  "La  g^logie  au  Congo  FranQaie.'*  Ann.  dee MtTieSyJAynAaon 
d*avril  (1895). 
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the  strucuure  of  nearly  the  whole  basin  of  the  Congo.  I  mar 
be  pardoned,  therefore,  if  I  dwell  upon  this  section  on  the 
Lower  Congo  in  some  detail. 

The  western  Congo  may,  from  a  geological  point  of  view,  be 
divided  into  four  zones  from  west  to  east  as  follows  (see 
Fig.  3,  page  361.) 

I.  The  Maritime  2Jone. 
II.  The  Crystalline  Zone, 

III.  The  Calcareo-schistose  Zone. 

IV.  Zone  of  the  Sandstones. 

/.  The  Maritime  Zone,  —  This  consists  of  old  estuarine 
deposits,  and  more  particularly  of  frs^ments  of  Tertiary  beds. 
Cretaceous  beds,  and  of  continental  pre-Cretaceous  sandstones. 
It  is  interesting  to  note  that  the  only  fossiliferous  beds  whose 
age  may  be  known  from  their  contents,  constitute  a  narrow 
and  insignificant  fringe  on  the  borders  of  the  Atlantic,  just  as 
we  have  seen  to  be  the  case  on  the  east  coast  of  equatorial 
Africa  (see  Fig.  2,  p.  357).  All  the  other  zones  are  without 
any  definite  traces  of  organisms. 

//.  The  Archccan  ami  metaviorphic  beds. — ^The  Archaean  » 
well  represented  on  the  Lower  Congo  from  the  granitoid 
gneisses  of  Boma,  in  the  west,  to  the  chlorite  and  sericitc 
schists  of  the  higher  portions.  The  dip  is  generally  towards 
the  west  at  variable  angles,  which  are  sometimes  low.  Both 
north  and  south  of  the  Congo  this  zone  can  be  traced  for  some 
distance.  The  so-called  metamorphic  beds  are  less  crystalline, 
and  in  some  cases  calcareous. 

///.  The  calcareous-schist  system, — There  is  a  massive  con- 
glomerate at  the  base,  and  this  is  succeeded  by  schistose  argil- 
laceous liniesU)ne8.  The  middle  member  consists  largely  of 
marbles,  whilst  the  highest  beds  are  calcareous  schists  with 
silicious  concretions.  The  beds  of  this  system  exist  in  a  series 
of  synclinal  basins  indicative  of  a  thrust  towards  the  west,  and 
with  a  diminution  of  folding  as  one  advances  eastwards,  until 
the  beds  pass  under  the  felspathic  grits  of  the  fourth  zone 
with  a  slight  dip  to  the  eastwards.  The  age  of  these  beds  is 
uncertain,  but  it  is  thought  that  part  of  them  may  represent  in 
time  the  Devonian  of  other  countries. 

Zones  II  and  III  represent  the  rim  of  the  basin  in  which 
the  nearly  horizontal  sandstones  of  the  fourth  zone  were 
deposited. 

Zone  IV,  Zone  of  the  Sandstones,  or  beds  of  the  Congo  basin 
proper.     These  are  the  beds  to  which  Professor  Comet  more 
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particularly  alludes  in  his  paper  on  the  "Formations  post- 
primaii-es."  The  lowest,  or  Bed  Felspathic  Gh'its,  is  divided 
into  two  sections  by  a  slight  unconformity.  It  reposes  in 
complete  discordance  upon  the  flanks  of  Zone  III.  There  is  a 
great  variety  of  detrital  matter  in  this  formation,  including 
conglomerates,  fine  grained  sandstones  and  argillaceous  schists, 
but  one  of  its  characteristics  consists  of  thick  beds  of  grit 
largely  charged  with  big  grains  of  altered  felspar  causing  a 
reddish  or  brownish  tinge.  These  beds  cotrespond  to  the 
"  couches  de  Kundalungu  "  of  the  highest  Congo  (Lualaba),  and 
form  part  of  the  margin  of  Lake  Tanganyika,  as  we  shall  see 
presently.  On  the  Lower  Congo  the  Red  Felspathic  Grit  series 
extended  to  the  westward  of  its  present  outcrop,  as  shown  by 
outliers,  possibly  as  far  as  the  crystalline  zone. 

The  upper  portion  of  Zone  IV,  d  of  the  section,  which  is 
strongly  in  evidence  near  Stanley  Pool,  extends  up  the  river 
as  far  as  Bolobo.  It  consists  of  white  or  yellowish  silicious 
sandstones,  very  pure,  soft  and  friable  under  the  fingers, 
forming  beds  several  hundred  metres  in  thickness  and  having 
a  wavy  and  current-bedded  stratification.  Enormous  sarsens 
attest  the  former  presence  of  these  beds  in  areas  where  the 
softer  material  has  been  removed  by  denudation.  The  beds  of 
this  system,  in  this  region,  are  nearly  flat,  or  with  a  slight  dip 
to  the  eastward.  They  correspond  to  the  "couches  de 
Lubilache  "  of  the  Lualaba  district,  and  may  be  known  as  the 
White  Friahle  Sandstones. 

It  will  not  be  necessary  to  carry  the  geological  rSsum^  of  the 
Lower  Congo  any  further,  beyond  pointing  out  one  or  two 
matters  which  may  have  a  bearing  in  future  discussion  relative 
to  the  fauna  of  the  Middle  Congo,  and,  in  consequence,  of  Lake 
Tanganyika.  In  the  first  place  it  must  be  borne  in  mind  that 
from  Stanley  Pool  to  Boma  the  present  river  Congo  has  cut  for 
itself  a  passage  through  what  may  be  regarded  as  the  western 
coastal  range  in  a  series  of  falls  and  rapids  which  precludes 
any  present  connection  with  marine  conditions.  We  cannot 
doubt  that  during  the  initiatory  stages  of  this  escape  from  the 
interior,  the  waters  of  the  Congo  basin  selected  the  most  de- 
pressed portion  of  the  coastal  range,  which  thus  presents  an 
appearance,  in  section,  of  less  importance  than  would  be  the 
case  either  to  the  north  or  the  south  of  the  river's  course ;  also 
denudation  has  been  active  in  lowering  the  rim  of  the  original 
basin.  It  may  be  mentioned  in  this  connection  that  the 
coastal  range  in  the  north  of  the  French  Congo  (province) 
attains  elevations  of  1,500  metres  in  the  "  Monts  de  Cristal ," 


Digitized  by  VjOOQ  IC 


or  THB   HALOLIMlfIC   FACTNA   OF   LAKE   TANGANYIKA.  363 

which  arc  of  granite.  Secondly,  it  must  be  remembered,  that, 
as  far  as  what  we  may  tei-m  the  solid  geology  is  concerned,  the 
White  Friable  Sandstone  series  is  the  highest  in  the  sequence 
of  the  beds  which  form  the  vast  interior.  These  are  often 
concealed  by  horizontal  beds  of  clayey  and  sandy  alluvium 
(silt),  dating  from  a  period  when  the  mean  level  of  the  river 
was  higher;  also  by  spreads  of  what  the  French  geologists 
call  "Laterite."  Even  these  alluvial  beds  seem  devoid  of 
organic  remains,  except  that  in  one  caae  shells  of  ^theria  are 
mentioned.* 

Having  thus  briefly  considered  in  some  detail  the  material  of 
which  the  Congo  basin,  in  a  geological  sense,  is  constituted,  we 
are  now  in  a  position  to  glance  at  the  structure  and  physical 
history  of  that  immense  area,  including  some  attempt  to  fix  the 
chronology  and  parallelism  of  the  two  great  sandstone  systems, 
which  probably  cover  more  ground  than  any  other  sedimentary 
beds  throughout  Africa.  Comet,  in  speaking  of  the  physio- 
graphy of  the  Congo  basin,  describes  it  as  an  immense  *'  vat," 
whose  peripheral  margins  are  always  higher  than  the  central 
region. 

7%€  periphery  of  the  Congo  basin  (Plate  I). — The  western 
portion  we  have  already  studied  in  the  traveiBe  from  Boma  to 
Stanley  Pool.  Although  the  topography  varies  throughout  this 
immense  circle,  the  geological  sequence  is  pretty  much  what  we 
have  seen.  Thus,  on  the  southern  margin,  the  watershed  between 
the  Congo  and  the  Zambesi,  towards  the  sources  of  the  Lualaba, 
runs  from  elevations  of  4,000  feet  to  5,000  feet.  On  the  south- 
cast  the  headwaters  of  the  Congo-Luapula  proceed  from  a 
region  of  gneiss,  mica  schists  and  argillaceous  schists  with 
granitic  massifs,  which  extend  between  lakes  Nyassa  and 
Tanganyika.  The  "  ancient  rocks  "  of  Katanga,  so  well  described 
by  Cornet,  of  course  form  a  part  of  the  general  periphery  in 
these  regions.  It  would  be  well  to  mention  here  that,  although 
auch  ancient  rocks  are,  in  the  flatter  parts  of  the  basin,  covered 


♦  There  ia  an  article  by  Stalnler  (Trans,  Inst  Mining  EngineerSy 
vol.  15  (1898)  p.  491},  in  which  the  author,  besides  summarizing  the 
results  of  Comet  and  others  on  the  solid  geology  of  the  Con^o  basin, 
gives  a  very  useful  abstract  of  the  supei'ficicU  formations  of  this  immense 
Area.  These  include  (1)  Products  of  the  alteration  in  situ  of  subsoil 
rocks ;  (2)  Products  of  decomposition  on  slopes  under  the  influence  of 
ndnfall ;  (3)  Alluvial  deposits  in  watercourses ;  and  (4)  Ancient  alluvial 
deposits.  It  can  readily  be  understood  that  the  solid  geology  of  the 
Congo  basin  is  largely  masked  by  some  one  or  other  of  the  above 
conditionB,  to  say  nothing  of  vast  districts  under  water  and  swamps. 
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by  one  or  other  of  the  sandstone  systems  (formations  post- 
primaires;,  yet  the  latter  have  been  cut  clean  through  by 
streams  in  many  places  so  that  the  framework  and  bones  of  the 
skelettm  are  occasionally  displayed  throughout  the  vast  r^on 
under  description. 

The  eastern  margin  of  the  periphery  calls  for  especial  notice, 
as  Professor  Cornet  considers  Tanganyika  to  be  within  the 
limits  of  the  original  basin,  since  the  Eed  Felspathic  Grits  extend 
to  the  east  as  well  as  to  the  west  of  the  lake.  Its  eastern 
affluents  descend  from  a  granitic  or  metamorphic  district 
stretching  towards  the  east  and  also  bordering  the  lake  for  a 
considerable  distance.  When  we  come  to  deal  more  especially 
with  the  geology  of  the  shores  of  Lake  Tanganyika  it  will  be 
seen  that  these  Red  Felspathic  Grits,  almost  horizontal  in  many 
];)laces,  are  occasionally  tilted  in  this  region,  showing  that 
Tanganyika  is  within  the  influence  of  the  disturbances  in 
connection  with  the  Great  Central  or  East  African  Range, 
whereas  the  Congo  basin,  as  a  whole,  is  outside  these  influences. 
The  south  end  of  the  lake  is  bordered  with  red  and  variegated 
grits  belonging  to  the  Red  Felspathic  series  which  are  horizontal 
and  have  been  transformed  by  metamorphism  into  a  kind  of 
quartzite  with  intercalation  of  eruptive  rocks.  At  the  outflow 
of  the  Lukuga  are  seen  grits  and  red  schists  (of  the  Red 
Felspathic  group)  which  continue  for  a  distance  of  120  kilo- 
metres westward  from  Tanganyika.  At  this  point  (Wabenza) 
they  are  covered  by  the  white  friable  schists  (White  Friable 
Sandstone)  of  the  centre  of  the  basin.  This  formation  also 
prevails  at  Nyangwe,  but  the  Red  Felspathic  Grits  reappear  at 
Stanley  Falls. 

Tlie  limits  on  the  north-east  of  the  periphery  are  constituted 
by  the  western  lip  of  the  western  arm  of  the  Graben,  which 
contains  the  lakes  belonging  to  the  Upper  Nile.  The  r^ion  of 
the  sources  of  the  Aruwimi  consists  of  crystalline  rocks.  On 
the  north  gneiss  occurs  at  several  points  between  the  basin  of 
the  Uell(3  and  the  White  Nile. 

On  the  north-west  there  is  a  sandstone  plateau  of  an  altitude 
of  2,000  to  2,800  feet,  which  occupies  the  meeting  ground  of 
the  Shari,  Congo  and  Nile  basins,  and  falls  to  the  north  in  a 
plain  some  400  feet  lower,  watered  by  the  Auk,  an  eastern 
branch  of    the  Shari,  the  principal   feeder  of    Lake  Tchad.*" 


♦  Chevalier,  quoted  in  the  Journal  of  the  Royal  Geographical  Society, 
vol.  22,  p.  569  (November,  1903). 
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This  completes  the  periphery  of  the  Congo  basin  as  at  present 
constituted. 

Suggested  correlation  of  the  beds  composing  the  interior  of  t/ie 
basin. — Having  completed  the  circuit  of  the  Congo  basin,  we 
must  next  endeavour  to  ascertain  something  of  the  geological 
history  of  this  vast  tract  and  its  constituent  elements.  The 
first  question  we  ask  ourselves  must  be,  what  is  the  approxi- 
mate age  of  these  two  great  interior  sandstone  formations? 
Without  fossils,  terrestrial,  fresh-water  or  marine,  to  guide  us, 
this  can  only  be  done  by  way  of  inference  and  analogy.* 
Comet  calls  them  post-primary,  i,e,,  to  say,  they  rest  in  almost 
horizontal  layers,  for  the  most  part,  either  on  crystalline  rocks 
or  on  old  palaBOzoic  rocks  inclined  at  high  angles.  This  is  very 
much  the  case  with  the  Blaroo  beds  at  the  Cape,  which  are  in 
position  analogous  to  the  two  sandstone  series  of  the  Congo. 
The  Karoo  beds  fortunately  contain  a  fairly  abundant  fauna 
and  flora,  which   is  wholly  terrestrial  and   fresh-water.     The 

feological  position  of  the  Karoo  beds  is  pretty  well  known,  and 
must  refer  to  a  previous  statement  on  this  subject  (see  page 
353).  We  are  not  altogether  without  links  in  the  chain  of 
evidence. 

A  paper  appeared  lately  in  the  Qiuirierly  Journal  of  the 
Geological  Society  by  Mr.  Molyneuxf  on  "The  Sedimentary 
Deposits  of  Southern  Ehodesia,"  where  a  provisional  classifica- 
tion of  the  several  formations,  down  to  the  Zambesi,  was 
suggested.  Beneath  a  series  of  sandstones  and  grits,  capped  by 
volcanic  rocks,  occur  some  800  feet  of  beds  containing 
workable  and  impure  coal  and  also  some  recognizable  fossils 
(Matobola  beds).  The  interest  of  these  consists  in  the  fact  that 
scales  of  the  fish  Acrolepis  wei-e  recognized,  the  genus  also 
occurring  in  the  Lower  Karoo,  and  likewise  in  the  so-called 
"  Drummond's  beds "  on  Lake  Nyassa.  A  very  few  lamelli- 
branchs  were  obtained  from  the  Sengwe  coal-field  and  were 
described  by  Dr.  Hind.  Tliese  are  small,  oval,  gibbose  bivalves 
belonging  to  the  genus  Palaeo7Htitela,  similar  to  species  from  the 
Permian  of  the  Volga.  A  few  plant  remains  were  collected, 
and  amongst  others  fronds  of  the  fern-like  plant  Glossupteris 
Jirovmiana,  Brongn,  and  of  some  of  its  varieties.  There  can  be 
very  little  doubt,  therefore,  that  the  Matobola-beds  of  Southern 
Ehodesia  may  be  referred  to  the  terrestrial  and  fresh-water 
Lower  Gondwana  system   of   Permo-Carboniferous  age.     The 


♦  This  was  Prof.  Comet's  view  at  the  time  he  wrote, 
t  Vol  50  (May,  1903)  p.  266. 
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"  Drummond's  beds  "  towards  the  northern  end  of  Lake  Nyassa 
present  similar  traces  of  this  fauna  in  association  with  a  series 
of  conglomerates,  red  grits  and  shales,  and  as  they  are  not  far 
from  the  south-east  rim  of  the  Congo  basin  their  evidence  is  all 
the  more  valuable.* 

There  is  good  reason,  on  the  whole,  for  supposing  that  the 
Eed  Felspathic  Grits  of  the  Congo  basin  are  the  equivalents  in 
time,  and  to  a  certain  extent  in  composition,  of  part  of  the 
Karoo  system  of  the  Cape.  If  this  view  be  accepted  we  might 
roughly  correlate  the  White  Friable  Sandstone  series  with  the 
Upper  Karoo  which  may  possibly  extend  upwards  as  high  as 
the  Rhaetic  period.  It  should  be  distinctly  borne  in  mind  that 
no  marine  organisms  occur  in  any  of  these  beds  referred  to  the 
Karoo.  Mons.  Bairat,  in  his  map  of  the  Congo  basin,  boldly 
correlates  the  whole  of  the  post-primary  sandstone  systems  of 
that  basin  with  the  Karoo,  and  in  a  general  sense  he  is  probably 
not  far  wrong.  Cornet  himself  considers  that  the  "  Bassin 
primitif  du  Congo,"  at  the  period  of  the  horizontal  deposits, 
was  separated  by  a  chain  of  mountains  from  a  region  lying 
towards  the  south,  south-east  and  east,  where  the  beds  of  the 
real  Karoo  were  being  deposited.! 

It  is  difficult  to  conceive  the  precise  physi^.al  conditions 
under  which  these  lifeless  masses  were  accumulated  during  a 
period  which  may  be  regarded  as  very  early  mesozic  (including 
the  Permo-Carboniferous).  That  the  mountainous  periphery 
already  described  was  being  ground  down  by  atmospheric 
causes  and  its  products  distributed  by  some  sort  of  water  action 
thoughout  the  central  depressed  area  seems  certain,  and  it  is 
also  highly  probable  that  during  the  greater  part  of  the 
time  there  was  no  drainage  outlet,  so  that  this  part  of 
Equatorial  Africa  became  the  dumping  ground  of  a  mass  of 
mechanical  sediments,  which  had  no  means  of  escape  by  the 
usual  method  of  rivers  flowing  towards  the  ocean.  But  a  time 
came,  perhaps  towards  the  middle  of  the  mesozoic  epoch,  when 
deposit  ceased  to  be  the  order  of  the  day  and  these  intermin- 
able sandstones   themselves   became  subject  to  the  laws   of 


*  The  Drummond's  beds  of  Nyassa  are  described  as  a  small  system  of 
grits,  schists  and  limestones  with  fish  (Acrolepts\  molluscs  (Mutda 
oblonga)  and  plant  remains.  Other  localities  are  quoted  where  the  Red 
Felspathic  Grits  contain  remains  of  vegetation,  according  to  the 
traveller,  Thompson. 

+  It  is  admitted  that  the  Karoo  beds  of  the  Cape  constitute  a 
somewhat  indefinite  system,  yet  within  certain  limits  their  horizon  may 
be  accepted  as  fairly  well  understood. 
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denudation.  A  new  era  had  arrived,  and  some  faint  shadow  of 
modern  conditions  was  inaugurated.  Unfortunately,  there  is 
no  evidence,  as  far  as  I  can  make  out  at  present,  of  what  took 
place  between  the  close  of  the  White  Friable  Sandstone  period 
and  that  of  sub-recent  and  recent  deposits.  This  interval 
doubtless  was,  during  part  of  the  time,  a  period  of  great  inland 
waters,  where  the  basins  of  the  Congo,  Shari  and  White  Nile 
inosculated  and  where  the  fauna  now  exisiting  in  Equatorial 
Africa  was  to  a  considerable  extent  evolved,  and  the  rivers 
themselves  partly  marked  out.  But  enough  perhaps  has  been 
said  on  this  subject,  and  I  must  now  conclude  this  geological 
disquisition  with  a  brief  description  of  the  more  immediate 
surroundings  of  Lake  Tanganyika  itself,  inasmuch  as  a  proper 
understanding  of  the  peculiar  physical  features  of  this  lake 
may  help  us  to  consider,  if  not  to  explain,  the  origin  of  its 
still  more  remarkable  molluscan  fauna. 

Structure  of  a  Oraheti. — Before  proceeding  to  consider  the 
geological  features  of  Lake  Tanganyika,  I  would  draw  the 
attention  of  members  to  the  stnicture  of  a  Graben  as  depicted 
by  Mr.  Moore,  in  the  case  of  Lake  Nyassa.  This  traverse  which 
is  taken  through  Mount  Waller  towards  the  north  end  of  the 
lake,  shows  the  relation  of  the  Red  Felspathic  Grits  to  the 
underlying  granitoid  rocks  (Archaean) ;  and  it  also  exhibits  the 
system  of  trough-faulting  which  may  be  taken  as  one  form  of 
the  structural  arrangement  of  a  Graben. 

Geology  of  Lake  Tanganyika, — ^As  regards  Tanganyika  itself 
the  lake  occupies  the  principal  depression  in  the  western 
arm  of  the  Graben-system  of  Equatorial  Africa,  running  due 
north  and  south  for  400  miles,  and  the  present  elevation 
of  the  surface  of  the  water  is  stated  to  be  2,700  feet. 
There  are  several  affluents,  the  principal  one  being  the  Ruzizi 
at  the  head  of  the  lake,  whilst  there  is  only  one  effluent, 
viz.,  the  Lukuga,  which  escapes  through  a  chasm  in  the 
western  walls  (?  vide  Gregory,  The  Great  Rift  Valley^  p.  3), 
and  ultimately  joins  the  Congo  drainage  system,  to  which 
at  present  it  belongs.  The  discharge  of  the  Lukuga  seems  to 
be  a  precarious  one,  and  it  is  clear  that  there  have  been  times 
when  the  water  does  not  escape,  in  which  case  one  would  expect 
an  increase  in  its  salinity.  Great  depths  are  reached  in  this 
lake,  and  Mr.  Moore  considers  that  it  is  not  all  of  one  age,  the 
central  portion  between  Karema  and  Ujiji  being  regarded  as 
the  oldest.  Ihis  circumstance  is  also  true  of  Lake  Nyassa, 
where  in  some  places  the  bottom  is  so  bare  of  recent  deposit  as 
to  suggest  that  such  portions  may  have  been  added  to  that  lake 
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at  a  comparatively  recent  period.  Oscillation  of  the  floor  and 
containing  walls  of  both  these  great  Graben  lakes  is  noticeable 
in  places. 

In  attempting  to  construct  a  geological  map  of  Tanganyika  I 
must  be  guided  by  Mr.  Moore  to  a  certain  extent,  not  forgetting, 
however,  to  consult  the  works  of  Cornet,  Bornhardt,  Kohls- 
chtitter  and  other  distinguished  scientists.  If  there  is  obscurity, 
in  the  geology  of  Equatorial  Africa,  still  there  is  a  certain 
degree  of  simplicity  as  far  as  the  composition  of  the  several 
formations  with  which  we  have  to  deal.  Around  Tanganyika, 
though  not  to  the  same  extent  as  around  Nyassa,  the  basement 
granitoid  rocks  (Archaean)  are  strongly  in  evidence.  Upon 
these  at  the  south  and  south-east  end  of  the  lake  in  complete 
unconformability  reposes  the  great  sandstone  and  shale 
formation,  which,  we  have  seen.  Cornet  in  his  numerous 
writings  on  the  Congo  basin  calls  the  Red  FelspcUhic  Grits,  or 
^*  couches  de  Kundelungu  '*  of  the  Lualaba  district,  and  which 
constitute  the  lower  division  of  his  "  formations  post-primaires." 
Beds  of  this  character  also  extend  to  the  east  as  well  as  the 
west  of  the  lake,  and  this  part  of  the  area  now  occupied  by 
Tanganyika  must  have  been  within  the  limits  of  the  origincJ 
basin  of  deposition  (see  antey  p.  364).  These  Ked  Felspathic 
Grits,  so  horizontal  for  the  most  part  throughout  the  basin  of 
the  Congo,  are  tilted  in  portions  ot*  the  western  wall  and  notably 
at  Mount  M'rubi,  where  they  are  said  to  have  an  inclination  to 
tlie  eastward.  As  previously  observed,  this  shows  that  Lake 
Tanganyika  is  within  the  influence  of  the  movements  connected 
with  the  East  African  Plateau  Eange,  whereas  the  bulk  of  the 
Congo  basin  is  without  the  sphere  of  those  influences.  At  the 
south  end  of  the  lake  the  Eed  Felspathic  Grits  are  shown  for 
the  most  part  as  horizontal,  although,  according  to  Mr.  Moore's 
mapping,  much  cut  up  by  subsidiary  Graben  which  carry  on 
the  principal  Graben  of  Tanganyika  in  a  southerly  direction. 
In  one  of  these  subsidiary  Graben,  towards  the  south-west,  is 
situated  both  the  true  and  the  salt  lake  Mwero  of  the  higher 
Congo,  and  that  perhaps  is  about  as  far  west  as  the  Grabeu- 
system  can  be  traced.  In  the  neighbourhood  of  Cameron  Bay 
there  are  considerable  indications  of  volcanic  eruptive  matter, 
and,  according  to  Cornet,  much  of  the  Red  Felspathic  Grits 
have  been  transformed  into  quartzites  with  intercalation  of  this 
eruptive  material.  These  most  probably  are  the  "  metamorphic  '* 
beds  of  Mr.  Moore,  which  seem  to  occupy  both  sides  of  the 
southern  third  of  the  lake. 

Towards  the  northern  termination  of  the  series  which  has 
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been  subject  to  this  kind  of  metamorphism,  the  great  Rukwa 
Graben  strikes  the  Tanganyika  fissure  at  an  acute  angle,  and 
it  is  extremely  probable  that  this  longitudinal  depression,  as 
pointed  out  by  Mr.  Moore,  extends  across  the  lake  and 
reappears  as  the  great  gap  in  the  western  wall  through  which 
the  drainage  of  Tanganyika  has  been  effected.  Possibly 
subsequent  erosion  may  have  had  something  to  do  with  the 
deepening  of  the  primary  fissure,  which  thus  becomes  a  "  rift- 
valley"  in  the  true  sense  of  the  term.  After  passing  over 
modem  lake  deposits,  the  Red  Felspathic  Grits  are  encountered 
on  the  Lukuga  as  previously  stated  (p.  H64).  and  extend  for  a 
distance  of  120  kilometres  from  Tanganyika,  and  beyond  this  point 
are  covered  by  the  White  Friable  Sandstones  which  constitute 
the  upper  member  of  Comet's  "  formations  postprimaires." 

It  seems  doubtful  whether  any  fossils  occur  in  connection 
with  the  Eed  Felspathic  Grits  of  Lake  Tanganyika.  There  can 
be  no  doubt  whatever  that  the  Red  Felspathic  Grit  series  of 
Comet  is  the  same  as  the  sandstone  series  of  Mt.  Waller  and 
Amelia  Bay  on  Lake  Nyassa,  which  is  identified  by  Bernhardt 
with  the  Karoo  formation,  and  with  which  are  associated  the 
so-called  "  Drummond's  beds  "  with  their  Olossapteris  flora  and 
fresh-water  fauna  (see  pp.  365  and  366).  At  more  than  one  spot 
in  the  vicinity  of  the  northern  end  of  Lake  Nyassa  indisputable 
evidence  of  coal,  fossil  plants,  shells  and  fish  scales  of 
fresh-water  origin  have  been  found.  It  seems  unfortunate  that 
the  conesponding  beds  (i.e.,  the  Red  Felspathic  Grits)  of 
Tanganyika  and  the  Congo  basin  seem  to  be  barren  in  this 
respect.  At  least  such  appears  to  have  been  Comet's  opinion, 
and  he  accounts,  as  we  have  seen,  for  the  barrenness  of  these 
beds  on  the  supposition  that  they  were  laid  down  in  a  basin  on 
the  west  side  of  the  primary  mountain  range  of  what  is  now 
East  Central  Africa.* 


♦  Reymoud  (BM,  Soc.  O^oL  France^  1886)  speaks  of  certain  "  schistes 
fossiliferes,"  collected  by  Giraud  in  1881,  at  some  distance  from  Mpala  on 
Lake  Tanganyika,  which  were  said  to  contain  a  Cyreua  and  fish 
remains  (Lepidostetu),  This  alleged  discovery  on  Tanganyika  may  be  the 
same  as  that  mentioned  by  Dmmmond  (Tropifcd  Africa\  where  he 
observed  that  three  days  north  of  Nyassa  Giraud  found  in  the  schists 
certain  fossils  which  Bertrand  referred  to  LepidoMeus  and  Cyrena, 
Moreover,  Moore  considers  that  "Dnimmond's  beds"  occur  at  two 
or  three  localities  on  or  near  Tanganyika,  but  as  he  mixes  these  up  with 
modem  lake  deposits,  it  is  not  very  easy  to  get  at  his  meaning,  the 
more  so,  since  no  organic  remains  are  mentioned,  other  than  those  of 
the  lake  itself.  On  the  whole,  I  conclude  with  Comet,  that  no  good 
evidence  of  fossils  belonging  to  the  Bed  Felspathic  Grit  series  bas 
hitherto  been  found  in  the  Congo  basin,  of  which  L.  Tanganyika  at 
present  forms  a  part. 
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The  next  formation  in  order  of  time  is  the  volcanic  series  to 
which  allusion  has  already  been  made  towards  the  south-west 
comer  of  the  lake,  and  with  this  may  be  associated  the  metamor- 
phosed sandstones,  etc.,  which  appear,  in  fact,  to  be  portions  of  the 
Red  Felspathic  Grits  and  not  "  primary  metamorphics,"  such  a3 
those  described  by  Comet  in  Katanga.  These  volcanics  most 
probably  belong  to  the  graben- system,  and  must  be  approxi- 
mately of  the  same  date  as  similar  volcanics  towards  the  north 
end  of  the  great  Nyaasa-graben  and  elsewhere. 

The  latest  formations  in  point  of  time  are  deposits  derived 
from  the  lake  itself,  and  these  are  of  especial  interest  as 
containing  the  remains  of  the  existing  halolimnic  molluscs. 
It  is  probable  that  they  may  be  met  with  at  many  places  along 
the  shore.  Mr.  Moore  refers  especially  to  the  line  of  coast 
between  Ujiji  and  Usambora,  where  layers  of  modern  lake- 
deposit,  somewhat  shattered,  are  found  dipping  20°  to  the  east 
conformably  to  the  sheets  of  Old  Sandstone  on  which  they 
repose.  According  to  the  same  author  the  flat  floor  of  the 
Euzizi  vaUey  (at  the  head  of  the  lake)  is  composed  chiefly  of 
modern  sandstones  and  alluvium.  Higher  up  the  valley,  to 
about  200  feet  above  the  present  surface  of  the  lake,  his  party 
kept  passing  over  older  and  older  ground,  and  the  plains  thus 
traversed  were  found  to  be  intersected  by  water-courses  in  some 
cases  to  a  depth  of  90  feet,  so  that  the  older  stratified  materials 
were  exposed.  These  strata  were  found  to  consist  of  brown  and 
yellow  sandstones,  having  a  slight  dip  to  the  south,  and 
contained  many  shell  fragments  and  also  some  fossilised  shells 
which  could  be  identified  as  Neothauma,  Nassopsis  and  Para- 
melania.  The  age  of  the  deposit  is  probably  Pleistocene,  and 
not  only  has  the  water  level  of  the  lake  fallen,  but  he  thinks 
that  the  valley-flat  north  of  Tanganyika  has  undergone  elevation 
also  since  those  days.  It  should  not  be  forgotten  that  Mr. 
Moore  {Tanganyika  Problem,  p.  90)  states  that  the  water  of  the 
lake  is  somewhat  salt  He  observes  that  it  seems  to  be  fresher 
now  than  when  Livingstone  and  Stanley  examined  it.  More- 
over, as  both  these  explorers  aver,  there  are  traditions  among 
the  Arabs  that,  within  the  recollection  of  living  men,  it  was  a 
lake  which  never  flowed  out  at  all. 
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Part  III. — Conclusions. 

1.  The  zoological  aspect. 

2.  The  pal»ontx)logical  evidence. 

3.  The  argument  from  geology. 

To  a  certain  extent  the  probable  conclusions  have  already 
been  indicated  in  Parts  I  and  II,  of  this  communication,  but  a 
brief  summary  at  the  final  stage  may  be  of  use.  On  the  whole 
we  have  three  main  factors  to  guide  us  in  the  investigation, 
and  these  we  will  take  in  the  order  above  indicated. 

The  zoological  aspect  of  the  question. — This  is  mainly  studied 
by  means  of  conchological  comparison,  and  it  will  be  seen  on 
referring  to  Part  I,  and  inore  particularly  to  the  Appendix, 
that,  in  my  opinion,  the  resemblance  between  the  Tanganyika 
shells  and  those  of  our  British  Inferior  Oolite  is  not  sufficiently 
close  to  warrant  any  theory  as  to  the  derivation  of  the  former 
from  the  latter.  But,  on  the  other  hand,  there  is  the  malaco- 
logical  evidence  derived  from  the  study  of  the  anatomy  of  the 
existing  mollusc,  which  reveals  a  peculiar  archaic  character, 
and  also  a  singular  blending  of*  attributes  usually  held  to  be 
distinct.  Such  peculiarities,  whilst  pointing  to  the  exceptional 
character  of  this  assemblj^e  of  gasteropods,  fail  altogether  to 
establish  any  connection  with  the  Inferior  Oolite  of  the  Anglo- 
Norman  basin.  Yet  the  very  existence  of  a  group  of  halo- 
limnic  gasteropods  limited  to  Tanganyika,  is  in  itself  a  proof 
that  there  is  something  remarkable  about  these  molluscs  and 
such  a  view  is  further  confirmed  by  anatomical  investigation. 
Hence  these  gasteropods  may,  in  some  way,  have  had  a  remote 
marine  origin,  although  that  need  not  have  been  Jurassic. 

It  has  always  seemed  to  me  that  the  most  hopeful  line  of 
research  is  to  be  sought  in  the  waters  of  the  Congo  basin,  and 
particularly  in  Lakes  Bangweolo  andMwero.  If  the  halolimnic 
gasteropods  had  their  origin  in  the  vast  inland  seas  of  this 
immense  system,  as  they  existed  formerly,  there  should  be 
some  trace  of  them  in  the  lakes  of  the  Upper  Congo.  This, 
Mr.  Moore  informs  us,  is  unfortunately  not  the  case,  although 
in  Lake  Mwero  a  genus  closely  approaching  the  Ntoihauma  of 
Lake  Tanganyika  has  been  found.  I  am  rather  inclined  to 
consider  that  the  zoological  evidence  points  to  a  local  and 
restricted  origin  for  these  Tanganyika  shells,  and  if  we  accept 
the  theory  of  their  special  marine  derivation,  whether  Jurassic 
or  more  recent,  it  must  always  be  with  a  certain  degree  of 
doubt. 

The  palceontological    evidence. — Since   the   hypothesis    of    a 
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Jurassic  origin  for  the  Tanj^anyika  shells  has  been  mooted,  the 
Palaiontological  evidence  brought  forward  in  Part  I  may  now 
be  briefly  recapitulated.  I  must  confess  that  the  possibility  of 
tiacing  a  connection  between  the  Inferior  Oolite  fauna  of  the 
Anglo-Jiorman  basin  and  the  fauna  of  Lake  Tanganyika  had  a 
considerable  fascination  for  me,  and  I  rather  hoped  that  as  we 
approached  the  Mediterranean  basin  there  might  have  been 
some  evidence  in  favour  of  these  views.  On  the  contrary, 
except  in  Sicily,  no  really  important  gasteropod  fauna  has  been 
discovered  in  the  intermediate  areas,  and  even  in  the  case  of 
the  Sicilian  fossils  the  prevailing  assemblage  of  gasteropods 
lends  but  little  countenance  to  any  theory  of  a  Jurassic  oiigin 
for  our  halolimnic  shells. 

These  considerations  were  originally  based  upon  a  hope  that 
there  miglit  be  some  evidence  ot  a  Jurassic  derivation  by  way 
of  the  Congo  basin,  but  the  more  I  studied  this  part  of  the 
question  the  less  faith  I  had  in  my  original  expectations. 
Supposing,  as  is  by  no  means  improbable,  that  there  may  have 
been  a  communication  with  Tertiary  and  even  with  Mesozoic  seas 
on  the  northern  side  of  the  Congo  basin  at  some  period  of  its 
history,  the  misfortune  is  that  we  obtain  no  pala?ontological 
evidence  in  the  direction  required.  If  we  take  North  Africa, 
the  Iberian  Peninsula,  or  even  the  south-west  of  France,  where- 
ever  Jurassic  deposits  are  known,  they  have  never  yielded  a 
fauna  approaching  that  of  the  Anglo-Norman  basin,  and 
therefore  do  not  help  us  in  the  least  towards  covering  the 
immense  distance  in  space  which  exists  between  that  classical 
region  and  the  centre  of  Equatorial  Africa.  As  regards 
Jurassic  deposits  within  the  limits  of  the  African  tropics,  such 
as  those  of  Abyssinia  and  Madagascar,  we  have  already  seen 
tliat  their  fauna,  so  far  as  known,  has  no  analogy  with  the 
Tanganyika  gasteropcds.  This,  however,  is  a  fact  of  minor 
iTiportance,  since  the  Madagascar  deposits  especially  occupy  a 
region  which  there  is  good  reason  for  believing  on  geological 
groimds,  has  never  had  any  connection  with  the  Congo  basin,  in 
which  Lake  Tanganyika  is  situated. 

The  arguTnent  from  geology. — Since  neither  the  zoological 
nor  the  palseontological  evidence  favours  the  notion  of  an 
Inferior  Oolite  origin  for  the  halolimnic  gasteropods,  we  must 
endeavour  to  ascertain  how  far  the  geological  history  of  this  part 
of  Equatorial  Africa  tends  to  throw  any  light  upon  the  subject. 

In  Part  II,  I  have  endeavoured  to  sketch  a  brief  outline 
of  this  history,  dwelling  more  especially  on  the  geological 
structure  of  the  Congo  basin,  and  of  that  portion  of  the  East 
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African  Plateau-chain  which  flanks  it  on  the  east.  The 
importance  of  Lake  Tanganyika  in  a  physiographic  sense  is 
based  largely  upon  the  fact  that  it  lies  at  the  junction  of  these 
two  very  dififerent  regions,  the  latter  a  disturbed,  and  the 
former  a  quiescent  one.  As  constituting  a  part  of  the  western 
arm  of  the  Graben-system  I  am  inclined  to  the  belief  that  it  is 
by  no  means  an  ancient  feature  of  the  earth's  crust.  Much 
depends  upon  the  date  assigned  to  the  East  African  volcanic 
plateau,  which  was  probably  initiated  towards  the  close  of  the 
Cretaceous  period.  The  Graben-system  is  of  necessity  more 
recent,  and  if  this  system  has  any  connection,  as  regards  time, 
with  the  Jordan-valley  fissure  it  must  be  post-Eocene  in  date. 
I  think  that  we  may  provisionally  accept  this  date  for  the 
initiation  of  the  Graben-system,  though  I  should  be  disposed 
on  other  grounds  to  make  it  more  recent  still,  bearing  in  mind 
that  its  activities  are  not  yet  extinct. 

Lake  Tanganyika,  as  Mr.  Moore  points  out,  was  formed 
at  different  times,  but  since  its  existence  could  not  precede 
that  of  the  Graben-system,  the  oldest  date  that  we  can 
assign  to  any  portion  of  it  is  Middle  Tertiary.  It  is  not 
contended,  however,  that  there  were  no  large  lacustrine  sheets 
of  a  different  character  at  the  time  of  its  formation  in  the 
neighbourhood,  and  notably  in  the  area  now  occupied  by  the 
eastern  portion  of  the  Congo  basin.  The  geological  history  of 
this  vast  territory  is  unfortunately  a  blank  since  the  deposition 
of  the  "  White  Friable  Sandstones."  All  we  can  say  is  that 
nothing  which  could  indicate  the  presence  of  a  Jurassic  Sea  or 
even  of  a  Cretaceous  Sea  has  been  discovered  therein.  There 
can  be  little  doubt  that  the  "  Bed  FeLspathic  Grits  "  of  Cornet, 
which  underlie  the  "  White  Friable  Sandstones,"  may  be 
comprehended  under  the  very  wide  term  of  Karoo,  which  gives 
us  an  approximate  date.  The  overlying  "White  Friable 
Sandstones  "  will,  therefore,  be  Mesozoic  in  age,  and  ])robably 
like  the  Karoo  beds  non-marine  in  origin. 

We  now  come  to  the  consideration  of  a  very  interesting 
question,  viz.,  the  connection  between  Lake  Tanganyika,  which 
is  a  fissure  lake,  with  the  wide  and  quiescent  area  of  the  Congo 
basin.  For  several  years,  as  you  are  aware,  geographers  were 
in  doubt  as  to  whether  Lake  Tanganyika  had  an  outlet,  and 
when  the  outflow  of  the  Lukuga  was  at  last  established  it  was 
thought  that  the  outflow  was  intermittent.  The  conditions 
vary  even  now,  I  believe,  according  to  the  supply  of  water  in 
the  lake.  But  what  I  especially  wish  to  point  out  is  the 
peculiarity  of  the  Lukuga  outlet  in  a  fissure  lake  surrounded 
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for  the  most  part  by  lofty  enclosing  walls.  Was  this  outflow 
caused  by  a  cross-fissure  (Graben)  such  as  might  be  produced  by 
the  prolongation  of  the  great  Eukwa-Graben  in  the  way  indi- 
cated by  Mr.  Moore  ?  At  any  rate  these  drainage  facilities  may  not 
always  have  existed,  and  in  that  case  Tanganyika  during  part 
of  its  history  would  be  a  closed  water,  and  consequently  more 
or  less  saline.  Whether  such  conditions  as  these  had  anything 
to  do  either  with  the  origin  or  conservation  of  the  halolimnic 
gasteropods  I  do  not  venture  to  say.  My  endeavour  has  been  to 
lind  any  geological  evidence  in  favour  of  the  view  that  they 
w^ere  derived  either  primarily  or  secondarily  from  a  Jurassic 
stock  of  Inferior  Oolite  age.  It  must  be  confessed  that  thus 
far  my  efforts  have  been  without  success.  At  the  same  time 
mere  negative  evidence  must  not  be  accepted  as  final. 

In  conclusion,  then,  since  neither  the  zoological,  the 
palseontological  nor  the  geological  evidence  affords  much 
support  to  Mr.  Moore's  theory,  we  must  regard  the  Tanganyika 
problem  in  its  main  features  as  imsolved.  In  the  present  state 
of  our  knowledge  we  are  not  bound  to  submit  an  alternative 
hypothesis.  Yet,  if  we  still  cling  to  the  notion  of  a  specially 
marine  origin  for  the  halolimnic  gasteropods.  the  most  promising 
quarter  for  a  solution  of  the  riddle  is  to  be  sought  along  the 
northern  margin  of  the  Congo  basin,  where  it  adjoins  that  of 
the  Shari.  This  opens  up  the  notion  of  a  possible  communication 
through  the  depression  in  which  Lake  Tchad  is  situated  with 
the  undoubted  marine  deposits  of  the  second  geological  division 
of  Africa.  That  the  so-called  "  post-primary "  deposits  of 
Equatorial  Africa,  like  their  equivalents  at  the  Cape,  are,  with 
the  exception  of  coastal  strips,  mainly  of  terrestrial  and  fresh- 
water origin,  I  entertain  no  doubt.  The  only  exception  to 
this  rule  appears  to  be  a  Jurassic  formation  in  Abyssinia  known 
as  the  Antalo  limestone. 

It  should  be  distinctly  understood  that  I  have  not  taken  up 
this  investigation  in  a  controversial  spirit ;  nor  indeed,  in  the 
first  instance,  with  a  view  to  controverting  the  theory  of  a 
Jurassic  origin  for  the  Tanganyika  gasteropods.  If,  during  the 
course  of  the  inquiiy,  I  have  been  unable  to  find  evidence  in 
favour  of  that  hypothesis,  it  has  at  least  been  a  source  of 
gratification  to  follow  Mr.  Moore's  lead  in  his  character  of 
explorer  and  naturalist.  In  this  way  both  myself  and  those 
members  of  the  Victoria  Institute  who  have  taken  the  trouble 
to  follow  me  must  feel  indebted  to  him  for  having  awakened  a 
more  than  passing  interest  in  one  of  the  many  problems  of 
Equatorial  Africa. 
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APPENDIX    TO    PART    I. 
Notes  on  the  comparisons   between  the  Halolimnic  Gasteropoda 

AND  certain  fossils  FROM  THE  INFERIOR  OOLITE — TOGETHER  WITH 
AN  ABSTRACT  OF  Mr.  MoORE's  STATEMENTS  REOARDINO  THE 
MOLLUSCA  OP  TaNOANTIKA  GENERALLY. 

♦  Forty-six  species  of  moUusca  are  enumerated  (The  Tanganyika 
Problem,  p.  138),  consisting  entirely  of  Gasteropods  and  Lamellibranchs^ 
the  former  preponderating.  Of  the  latter  are  a  number  of  distinct 
specific  fonus  supposed  to  be  related  to  Unio.  Many  of  the  Gasteropods 
belong  to  normal  genera,  such  as  Limnaa  (four  species),  Iddora  (twoX 
Phyoptis  (one),  Planorbis  (three),  Ampullaria  (two),  Vivipaa'a  (one), 
Cleopatra  (one),  Melania  (three).  There  is  sdso  the  very  fine  Vivipara- 
like  genus,  Neothauma,  Smith,  which  cannot  in  any  sense  be  regarded  as 
halolimnic.  Mr.  Moore  further  observes  that  the  normal  fresh-water 
molluscs  found  in  Tanganyika  are  specifically  distinct  from  the  represen- 
tatives of  the  same  genera  occurring  in  the  neighbouring  lakes.  Exclud- 
ing Neothauma  there  are  fourteen  Gasteropodean  types  (p.  218)  judged  by 
their  conchological  characters,  generically  distinct,  as  follows,  viz. : — 
Typkohia.  Spekia, 

Bathanalia,  Nassopsis. 

lAmnotrocvs.  Symohpsid. 

Chytra,  Stamleyd. 

Paramelania.  Reymondia. 

Bythoceras.  Horea, 

Tanganyicia.  Ponsonbya, 

Out  of  these  the  following  are  regarded  as  specially  representing  the 
halolimnic  molluscs,  and  are  classified  in  six  groups,  viz.  : — 

Typhobia  and  Bathanalia,  Tanganyicia,  Linmotrochus  and  ChytrUy 
Spekia,  Paramelania  and  Bythoceras,  Nassopsis. 

It  is  more  especially  the  above  forms  which  are  regarded  aB 
homaeomorphic  with  certain  fossils,  chiefly  of  the  Inferior  Oolite,  and 
this  resemblance  has  impressed  Mr.  Moore  so  strongly,  that  he  ia 
disposed  to  consider  these  groups  as  the  partially  modified  descendanta 
of  the  old  Jurassic  molluscs. 

As  most  of  these  comparisons  were  made  with  fossils  in  my  own 
collection,  I  have  endeavoured,  in  those  cases  where  it  has  been  possible 
to  procure  the  particular  Tanganyika  shells,  to  check  the  resulting 
determinations,  of  course  on  conchological  lines  solely. 

1.  Melania  admirahilis,  Smith,  with  Cerithium  svhscalariforme,  DOrbigny. 

N.B. — These  shells  are  not  referred  to  in  the  above  list.    On  pp.  219 

and  353  of  the  Tanganyika  Problem  are  back  and  front  views  of  the 


♦  It  is  probable  that  this  is  not  an  absolutely  full  list 
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Mdania  admirahilu  of  Lake  Tanganyika — at  least,  I  suppo^se  that  both 
of  these  cuts  are  intended  for  the  Tanganyika  shell,  and  not  for  the 
Jurassic  fossil.  The  likeness  is  by  implication  only,  for  on  referring  to 
page  273  for  the  affinities  of  Melania  admircdnlis  I  find  no  lecognizable 
account  of  that  species.  It  is  true  that  on  page  269,  the  author  makes  a 
general  attack  upon  the  genus  Melania  ;  but  this  is  rather  with  a  view 
of  criticising  the  suggested  relationship  of  Typhohia  to  Melanopsis, 

The  shape  and  ornamentation  of  Melania  admirabilis  (judging  from 
the  figures)  and  Cerithium  subscalarifornie  are  singularly  identicaL 
There  is  some  difference  in  the  apertures,  for  in  C,  siibscalanfomie  there 
is  a  well-formed  anterior  spout  slightly  reflexed.  Not  having  any 
specimen  of  M.  admirabilis  in  my  possession,  I  cannot  pursue  the 
comparison  any  further. 

2.  Ty phobia  horeij  Smithy  with  the  genus  Purpuroidea,  Morris  and  Li/cett, 
Mr.  Moore  in  this  case  does  not  institute  any  close  comparison,  but 
rather  suggests  (p.  350)  that  Typhohia  is  matched  by  the  Oolitic  fossil 
genus,  FurpuroideUy  "  from  which  it  is  difficult,  if  not  impossible,  on 
conchological  grounds,  to  distinguish  it"  I  select  Purpuroidea  Morrisiiy 
Buvignier,  a  characteristic  Great  Oolite  fossil,  to  exemplify  the  genus. 

Here  the  ornamentation  and  general  strombiform  chai*acter  of  the 
shell  in  each  case  is  strikingly  apparent.  On  comparing  the  apertures 
we  find  that,  instead  of  the  short  notch  of  Furpuroidea^  the  inner  lip  of 
Typhohia  is  produced  anteally  into  a  narrow  and  reflexed  spout.  In 
other  respects  both  the  outer  and  inner  lip  in  Typhohia  and  Purpuroidea 
greatly  resemble  each  other  and  equally  differ  from  Stromhtis,  Whilst 
recognising  a  coi\siderable  degree  of  homseomorphy  between  the  two 
shells  from  Tanganyika  and  Minchinhampton  respectively,  a  comparison 
of  the  shell  substance  seems  to  suggest  important  differences.  So  far  as 
we  are  able  to  judge  from  the  usual  calcite  replacement  of  the  fossil  shelly 
one  would  say  that  Purpuroidea  had  a  thick  and  heavy  shell.  On  the 
other  hand  Typhohia  has  a  very  thin  and  fragile  sheU,  and,  despite  its 
identification  as  a  halolimnic  shell,  has  all  the  appearances  of  a  fresh- 
water genus — so  much  so,  indeed,  that  its  afiinities  with  Melania  have 
been  suspected  by  some,  though  this  would  seem  to  be  negatived  by 
internal  characters.  As  regards  the  history  and  distribution  of 
Purpuroidea^  the  genus  makes  a  doubtful  appearance  in  the  Inferior 
Oolite  of  the  east  of  England  ;  it  is  fairly  abundant  in  limited  districts 
of  the  Great  Oolite  and  is  last  seen,  so  far  as  England  is  concerned,  in 
the  Oorallian  of  Yorkshire.  It  would  seem  also  to  be  fairly  abundant  in 
the  Oorallian  beds  described  by  Buvigoier.  It  does  not  occur  on  a 
higher  horizon  in  this  part  of  Europe. 

3.  Bathanalia  howesi.  Smith,  with  Amberleya  orhignyana,  HudL 
Bathanalia  is  figured  on  pp.  227  and  348.     Of  this  peculiar  genus 
Moore  says  (p.  220)  that  it  is  an  inhabitant  of  deep  water  throughout 
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the  southern  third  of  the  lake,  and  he  considers  that,  in  conchological 
characters,  it  is  identical  with  several  marine  Jurassic  fossils,  described 
under  Amherleya.  He  further  remarks  that  except  for  its  widely 
different  shell,  Batkanalia  is  structurally  identical  with  Typhobia, 
Referring  to  the  diagnosis  of  AmherleyOy  quoted  in  p.  346,  Moore  says 
that  this  would  absolutely  answer  for  BathancUia.  According  to  his 
view  the  thin  shell,  the  absence  of  all  trace  of  epidermis,  and  the 
character  of  the  whorls,  as  well  as  the  sculpture  and  character  of  the 
mouth,  are  all  essentially  the  same  in  BcUhanalia  as  they  are  in 
Amherleya, 

Judging  from  figures  only,  this  is  the  most  striking  of  all  the 
resemblances.  I  gather,  however,  that  there  are  some  differences  in  the 
aperture. 

On  p.  348,  Moore  has  figured  the  back  only  of  my  specimen  of 
Amherleya  orbignyana.  The  right  hand  upper  figure  on  this  page  is 
intended  for  an  Amberleya^  which  I  do  not  quite  recognise.  The  two 
lower  figures  represent  Batkanalia,  back  and  front.  It  is  unfortunate 
that  no  good  front  aspect  of  Amherleya  is  presented  to  the  reader,  for  if 
the  aperture  in  Baihanalia  is  correctly  drawn,  it  does  not  possess  the 
straight  pillar  lip,  coming  forwards  almost  to  a  point,  which  is  so 
characteristic  of  Amherleya.  In  all  other  respects  the  resemblance  is 
most  striking,  even  to  the  angular  outline  of  the  outer  lip,  which  in 
Bathaiialia  is  prolonged  into  a  short  process.  It  should  be  observed, 
however,  that  there  is  somewhat  of  an  umbilical  opening  in  BatkaTialiOy 
whereas  the  shell  of  Amherleya  is  entirely  closed. 

Amherleya  (including  Eucyclvs^  which  latter,  if  not  a  synonym,  has  a 
close  relationship)  is  eminently  characteristic  of  the  Lias.  It  comes  up 
from  the  Lower  Lias,  and  culminates  in  the  Inferior  Oolite,  especially  in 
beds  having  a  Cephalopod  facies,  as  in  the  Anglo-Norman  basin.  Occurs 
also  in  the  Great  Oolite,  and  seems  to  have  left  this  country  with  bed  of 
Oorallian  age.''*' 

4.  Lim/notrochus  tkompsoni,  Smith,  with  Littorina  sulcata,  Hehert    and 

Deslongchamps. 

See  pp.  233  and  349.  It  is  also  compared  with  L,  dorsetensis^  Hudl. 
In  the  possession  of  a  black  epidermis  and  in  its  general  aspect 
LimnotrochvA  thompsoni  has  a  certain  fresh-water  character.  The 
aperture,  however,  is  more  like  that  of  Littorina  than  of  Trochus,  The 
trochiform  outline  of  the  shell  and  the  ornamentation,  especially  the 


*  Since  writing  the  above,  I  have  had  an  opportunity  of  inspecting  a 
specimen  of  Bathanalia  through  the  courtesy  of  Mr.  Da  CostEu  I  am 
more  than  ever  impressed  with  the  extraordinary  resemblance  of  the 
bpire  to  that  of  Amherleya  pagoda,  but  the  character  of  the  mouth  is  so 
very  difierent,  that  I  conclude  the  resemblance  of  the  spire  to  be 
fortuitous. 
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stron^y  bicarinate  body  whorl,  have  a  singular  resemblance  to  Z.  sulcata, 
H.  and  D.  The  aperture,  however,  presents  considerable  differences,  and 
in  this  respect  Limnotrochus  thompsoni  more  nearly  approaches  some  of 
the  many  varieties  of  *^  Littorina  *'  dor»etensis,  the  chief  difference  being 
that  in  the  latter,  the  umbilicus  is  closed  and  the  aperture  is  not  free  as 
in  the  former  case.  Nevertheless,  the  general  resemblance  is  sufficiently 
striking. 

6.     Chytra    {Limnotrochus)   kirkii,    Smith,    with    Onustus    omdiissimtis 

UOrUgny, 

See  pp.  229  and  350.  Originally  the  empty  shell  had  been  described 
and  figured  by  Mr.  Smith  (/Voc.  Zool.  Soc,  1881),  who  classed  it  under 
Lvninotrochus,  Mr.  Moore  has  founded  for  this  species  the  genus,  Chytra, 
and  further  observes  that  the  shell  of  Chytra  kirkii  is  remarkably  solid, 
resembling  both  that  of  Solarium  and  Zenophx>ra  {Onustus), 

The  resemblance  of  Chytra  to  the  Jurassic  species  referred  to  Onustus 
is  very  slight  indeed,  beyond  the  general  pyramidal  shape  of  the  shell. 
One  of  the  leading  characteristics  of  the  Jurassic  Onustus  is  the  imbricate 
overlapping  of  one  whorl  over  the  next  one,  and  this  feature  is  equally 
seen  in  the  Onustus  pyramidatus,  Phillips,  as  in  Onttstus  omatissimus 
IVOrbigny.  There  is  no  trace  of  this  kind  of  overlapping  in  Chytra, 
which,  to  my  notion,  has  more  the  character  of  Solarium.  The  basal 
characters  in  Chytra  are  also  different  to  those  in  the  Jurassic  species  of 
Onustus. 

Hence  I  fail  to  trace  any  marked  resemblance  between  Chytra  and 
Onustus.  Nevertheless  Chytra  is  perhaps  the  most  thoroughly  marine  in 
aspect  of  all  the  halolimnic  series,  the  shell  being  thick  and  more  or  less 
free  from  epidermis.  Indeed,  most  conchologists,  if  they  did  not  know  its 
habitat,  would  hardly  suspect  that  it  was  anything  more  than  a  some- 
what aberrant  Solarium. 

6.  Paramdania  damoni.  Smith,  with  Purparina  bellona,  D'Orhigny. 

See  pp.  246  and  345,  for  figures.  There  are  three  species  of 
Paramelania  mentioned  by  Moore  (index,  p.  366)  viz.,  P.  crasstgrantdata, 
Smith,  P.  crassdabris,  von  Martens,  and  P.  damoni.  Other  species  also 
have  been  described  oy  Bourguignat,  some  of  which  possibly  belong  to 
Nasstpsis.  The  species  of  Paramelania  selected  by  Moore  for  comparison 
with  the  Jurassic  Purpurina  is  Paramelania  damoni,  of  which 
unfortunately  I  do  not  possess  a  specimen,  and  must  therefore  rely 
aolely  on  Moore's  figures,  pp.  245  and  345.  The  comparative  figures  are 
to  be  found  on  p.  345.  The  particular  Purpurina  there  drawn  is 
P.  aspera,  Hudl.  from  the  Concavus-hedA  of  Bradford-Abbas.  This  is  a 
very  rugose  form  of  Purpurina,  and  its  resemblance  to  Paramelania 
damoni  (judging  from  the  figure)  is  very  striking ;  only  that  in  P.  aspera 
and  indeed  in  Purpurina  generally,  the  anterior  notch  or  channel  is  more 
in  evidence,  and  also  more  reflexed  than  in  the  majority  of  specimens  of 
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ParamdanicL,  In  this  respect  the  regulation  Purpurina  bellona  (which 
occurs  on  a  higher  horizon  than  P.  aspera)  more  resembles  the  average 
Paramelanias  of  Tanganyika.  It  should  be  remarked  also  that  most 
species  of  Paramelania  have  a  considerable  amount  of  brown  scaly  or 
epidermal  matter,  and  are  generally  thick  and  nassoid  or  purpuroid  in 
the  texture  of  the  shell  Beference  is  made  to  the  conchological 
similarity  of  PyrgvLifera^  a  genus  of  fresh- water  shells  (p.  343)  of  the 
Upper  Chalk,  to  ParamelaniOy  and  this  casual  identification  opens  up 
several  interesting  questions. 

7.  ^(zssopsis  nasrn^  Smithy*  wUh  Pwpurina  infiaia  {?  auctor). 

See  pp.  250  and  347.  During  life  this  mollusc,  we  are  told,  inhabits 
the  surface  rocks  of  Tanganyika  and  its  shells  are  always  richly 
encrusted  with  the  green  algse  which  clothe  the  rocks  for  a  considerable 
depth.  It  is  sluggish  and  appears  to  browse  within  a  very  limited  area, 
like  the  Patellas  of  the  Ocean  beach. 

As  regards  the  Jurassic  fossil  figured  for  comparison  (upper  figures, 
p.  347)  under  the  name  of  Purpurina  injlata,  1  should  point  out  that  this 
specimen  is  not  Purpurina  inflata^  Tawney,  but  a  peculiar  unnamed  form 
which  was  figured  in  Plate  I  of  the  **  Jurassic  Gasteropoda."  The  true 
P,  injlaia  has  a  very  difierent  figure  and  ornamentation,  but  possesses  a 
rounded  and  almost  unchannelled  aperture,  having  in  fact  the  least 
indented  mouth  of  all  the  Purpurince, 

The  real  value  of  these  comparisons  is  an  unknown  quantity,  but  the 
conchological  resemblance  of  both  Paramelania  and  NoMoptis  to  certain 
named  and  unnamed  forms  of  Pwrpurina  is  clearly  pointed  out  by 
Mr.  Moore,  and  admitted,  as  I  understand,  by  Mr.  Edgar  Smith.  Such 
resemblances  are  interesting,  but  if  Paramelania  and  JVassaptis  are  really 
different  genera,  as  their  internal  structure  would  imply,  one  learns  two 
things  from  this  fact:  (1)  that  the  outward  form  of  the  shell  is  not 
always  indicative  of  the  character  of  the  animal  within,  and  (2)  that  two 
different  genera  of  existing  molluscs  are  compared  with  the  one  Jurassic 
genus,  Purpurina, 

It  may  be  mentioned  here  that  the  genas  Purpurina  was  somewhat 
loosely  constituted  by  D'Orbigny,  and  was  more  carefully  reconstituted 
by  Piette  and  Deslongchamps,  who  regarded  it  as  having  relations  on  the 
one  side  with  Turbo  and  on  the  other  with  Cerithium  and  Purpura^ 
Fischer  places  Pvrpurina  among  the  Littorinidse,  but  its  real  family 
j-elationship  is  by  no  means  clear.  In  the  Jurassics  of  this  country 
Purpurina  first  makes  its  appearance  in  the  Marlstone  (Middle  Liaa)^ 
culminates  in  the  Inferior  Oolite,  is  rare  in  the  Great  Oolite,  and  dies  oat 


*  I  possess  a  specimen  supplied  by  Sowerby  and  Fulton,  marked 
^^Paramelania  coronata,'*  Bourguignat ;  which  greatly  resembles  the 
figures  of  Sassopsuf  nas^a. 
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in  the  Callovian  of  Yorkshire.  It  is  also  represented  in  the  Callovian  of 
Montreuil  Bellay,  where  agasteropod  fauna,  greatly  resembling  that  of 
the  Inferior  Oolite  of  the  Anglo-Norman  basin,  is  found  to  occur. 

8.  Bythoceras^  Moore, 
See  pp.  238  and  242.    There  are  two  species  figured,  but,  so  far  as  I 
know,  no  special  comparison  with  Jurassic  forms  is  invited. 

9.  Tanganyida^  Cross. 
See  p.  246,  T.  mfofilosa.  In  this  case  also,  no  special  comparison  with 
Jurassic  forms  is  instituted,  but  its  general  resemblance  to  Natica  is 
pointed  out  The  fine  spiral  coloured  lines  are  characteristic  of  this  very 
pretty  little  shell,  which  though  naticoid  in  its  outline  is  certainly 
"different  as  regards  shell-substance  to  the  regulation  Natica,  It  is  said 
to  be  a  littoral  form  and  occurs  in  abundance. 

10.  Spekia  zonata^  Cross  oi'  Smith,  with  the  Jurassic  genus,  Neridomus 

M.  and  L, 
See  pp.  256  and  351.  On  p.  257,  Moore  remarks  on  its  naticoid 
appearance,  and  considers  it  so  "  completely  similar  to  that  of  numerous 
fossil  naticoid  forms  that,  had  it  appeared  fossilized  instead  of  having 
been  found  living  in  a  great  fresh-water  lake,  there  is  not  the  slightest 
■doubt  that  it  would  have  been  placed  in  one  of  the  numerous  fossil 
genera  which  are  supposed  to  group  themselves  about  the  living  Naticas." 
Yet  on  p.  349  (the  figures  are  on  p.  351)  he  says  :  "  Again  we  find  that 
the  shells  of  the  Tanganyika  genus,  Spekia,  are  practically  indistinguish- 
able from  the  fossil  remains  of  the  marine  Jurassic  genus,  NeridomusJ^ 

In  this  latter  conclusion  he  is  partly  correct,  for  there  is  no  doubt  that 

the  aflinities  of  Spekia  are  with  the  Nerites  rather  than  with  the  Naticas. 

Spekia    is    nentoid,  not    naticoid,  but    I    fail    to    trace    any   especial 

resemblance  to  Seridomus,     If  the  reader  turns  to  the  illustrations  on 

p.  351,  he  will  perceive  that  the  two  representations  of  Spekia  are  back 

views,  whereas  the  two  intended  to  represent  Neridomv^  are  front  views, 

nor  does  the  author  assist  the  comparison  in  the  text.    But  if  we  take  a 

typical  Jurassic  Neridomus  such  as  N,  Hemispherica  from  the  Great 

Oolite  of  Minchinhampton,  which  may  be  regarded  as  the  type  on  which 

Neridomus  wa«  founded,  we  at  once  find  that  the  columellar  region  is 

convex  and  the  shell  imperforate,  whereas  in  Spekia  zonata  the  columellar 

region  is  extremely  concave,  and  in  some  specimens  a  peculiar  umbilical 

slit    is    noticeable.      Hence,  beyond    the  fact    that    both  Spekia  and 

Neridomus  belong  to  the  Neritidae  there  is  very  little  resemblance  so  far 

AS  the  anterior  aspect  is  concerned.     It  may  be  remarked,  in  conclusion, 

that  Spekia  zonata  is  related  to  Nerithia  rather  than  to  Nerita.    There  is 

nothing  naticoid  about  it,  and  moreover  its  thick  epidermis  and  general 

aspect  are  highly  suggestive  of  fresh-water  conditions,  although  its  shape 

inay  be  somewhat  unusual. 
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Of  the  remaining  genera  of  Qasteropods  enumerated,  none  are  especially 
correlated  with  Jurassic  forms,  although  thej  are  regarded  as  belonging 
to  the  halolimnic  group.  Symolopns  is  a  genus  of  small  elongate 
shells  represented  by  two  species,  and  there  is  stated  to  be  an  almost 
exact  conchological  identity  (p.  219)  between  these  sheUs  and  the  marine 
genus  SymoUt,  It  is  not  necessary  here  to  comment  on  all  the  remaining 
halolimnic  genera,  consisting  mostly  of  small  forms,  but  I  would  point 
out  certain  conclusions  with  reference  to  some  of  them,  6.^.,  Reymondia, 
Smith.  There  are  several  species,  mostly  small,  but  IL  horeiy  Smith,  is 
the  most  conspicuous  form,  and  may  be  taken  as  the  type.  I  mention  the 
circumstance  because  of  the  very  considerable  conchological  resemblance 
between  this  ver}'  smooth  shell  and  some  of  the  Jurassic  species  such  as 
^^  Phasianella'^  degans,  M.  and  L.,  and  other  sub-elongate  forms.  This 
identification  seems  to  have  escaped  Mr.  Moore.  I  don't  attach  any 
importance  to  it,  since  neither  Reymondia  horei  nor  ^^  Phcisianella" 
elegans  have  any  special  features  of  ornamentation  like  AmberUya  and 
Purpuri'/ia,  There  is  also  another  case  of  mock  resemblance,  where  Horea 
ponsonbyiy  Smith,  presumably  a  Prosobi-anch.  bears  a  strong  likeness  to 
some  of  the  striated  Actaeoninas  of  Jurassic  age  ;  whilst  the  remarkably 
straight  columellar  lip  of  Horea  reminds  one  of  Orthogtoma,  which  is,  I 
believe,  a  synonym  of  D'Orbigny's  genus,  Aciaeonina, 

Not  the  least  interesting  of  the  Tanganyika  molluscs  is  the  handsome 
viviparoid  shell,  NeothaumOy  whose  varieties  are  figured  on  p.  261.  This 
of  course  is  a  thoroughly  fresh- water  genus,  and  has  no  connection  with 
the  halolimnic  fauna  beyond  sharing  the  hospitality  of  the  same  lake.  , 
One  of  the  most  remarkable  characteristics  of  Neothauma  is  the  extra- 
ordinary difference,  judging  from  the  figures,  between  shells  from  the 
south  of  the  lake,  and  those  fi-om  the  middle  and  the  north.  If  the 
internal  structure  is  the  same  in  all  three,  we  have  again  an  instance  of 
the  difficulty  of  recognizing  an  animal  by  means  of  its  shell  even  in  living 
creatures.  Here  again  is  a  singular  instance  of  mock  resemblance  to  a 
Jurassic  species,  since  the  strap-like  or  bicarinate  variety  of  Neothauma 
would  also  do  for  the  figure  of  Clougkt<yii%a  cinctay  Philli(«,  a  well  known 
fossil  of  the  Inferior  Oolite  of  Yorkshire  and  the  East  Midlands. 

Fottscript.  This  appendix  was  written  before  I  had  the  advantage  of 
hearing  Mr.  Edgar  Smith's  presidential  address  to  the  Malacological 
Society,  delivered  in  February  last.  It  was  highly  satisfactory  tu  find 
that  the  chief  conchological  authority  in  this  country  had  arrived  at 
pretty  much  the  same  conclusions  as  myself,  with  regard  to  the  presumed 
connection  between  the  halolimnic  gasteropods  of  Tanganyika  and  certain 
shells  of  the  Inferior  Oolite. 
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I.^Sedowiok  Museum  Notes. 

New  Fossils  from  the  Haverfordwest  District.    II. 

By  F.  R.  CowpiR  Rbed,  M.A.,  F.G.S. 

(PLATE  XII.) 

Phaoops  (Dalmanites)  sogialis,  Barrande,  var.     (PI.  XII,  Fig.  2.) 

rpHERE  is  one  oomplete  individual  of  a  speoies  of  Phacop$  from 
X  the  Orthia-argentea  zone  of  Prendergast  Lane,  Haverfordwest, 
showing  certain  interesting  characters  which  make  it  worthy  of 
notice.  The  head  is  somewhat  crushed  and  imperfect,  but  the 
glabella  is  seen  to  be  large  and  broad  and  to  expand  regularly 
towards  the  front ;  the  frontal  lobe  is  transversely  rhomboidal  and 
nearly  half  the  total  length  of  the  glabella ;  there  are  three  pairs  of 
lateral  lobes,  of  which  the  anterior  pair  is  the  largest ;  the  second  pair 
is  narrower,  and  the  third  pair  is  subequal  to  the  second  in  size.  The 
first  pair  of  lateral  furrows  is  oblique ;  the  second  pair  is  horizontal 
and  slightly  arched  forwards ;  the  third  pair  is  slightly  oblique  and 
the  most  strongly  marked  of  all ;  the  occipital  furrow  is  strong  and 
curved  forwards  in  the  middle.  There  is  only  a  narrow  median 
strip  of  the  glabella  not  crossed  by  the  lateral  furrows,  for  they  are 
rather  long  and  all  reach  inwards  to  about  the  same  extent. 

The  thorax  has  a  prominent  axis  about  three-fourths  the  width 
of  the  pleui*8B,  which  are  bent  downwards  and  backwards  beyond 
the  fulcrum,  which  is  situated  at  about  half  their  length.  Their 
extremities  are  slightly  bent  forwards  and  apparently  rounded  or 
bluntly  pointed  ;  a  deep  diagonal  furrow  traverses  the  whole  length 
of  each  pleura. 

The  pygidium  is  nearly  semicircular,  with  a  regular  rounded 
margin,  except  behind  the  axis,  where  there  is  developed  a  long, 
pointed,  straight  posterior  spine,  about  two-thirds  the  length  of  the 
pygidium.  (In  this  specimen  it  is  bent  to  one  side,  owing  to 
subsequent  crushing.)  The  axis  is  about  one-fourth  the  width 
of  the  pygidium  at  its  anterior  end,  and  tapers  rather  rapidly  to 
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its  middle,  and  then  soaroely  at  all  to  end  with  a  blunt  (?) 
extremity  just  within  the  margin ;  it  is  completely  annnlated  to  its 
tip  and  shows  11-12  strong  rings.  The  lateral  lobes  consist  of 
8  pairs  of  pleuras,  of  which  the  first  seven  are  prominent,  gently 
curved,  and  separated  by  deep  interpleural  furrows,  and  each  is 
marked  by  a  weak  pleural  furrow.  The  pleuraa  and  furrows  die 
out  before  reaching  the  rounded  margin,  but  there  is  no  independent 
border  or  marginal  furrow  to  the  pygidium.  The  whole  surface  of 
the  head,  thorax,  and  pygidium  is  ornamented  with  granulations,  and 
there  are  also  a  few  large  tubercles  on  the  frontal  lol^  of  the  glabella. 

Dimensions.  mm. 

Length  of  whole  trilobite         82-0 

Length  of  head 27*0 

Width  of  head (about)  66-0 

Length  of  thorax           33-0 

Length  of  pygidium  (witiiout  spine)    22*0 

Width  of  pygidium        (about)  38-0 

Affinities. — ^This  species  clearly  belongs  to  the  early  group  of 
Dalmanitea  of  Barrande,  of  which  Z>.  socialts  is  the  type.  Our 
specimen  is  closely  comparable  with  the  variety  of  this  species 
termed  procBva.^  In  the  characters  of  the  head,  so  far  as  it  is 
preserved,  there  seems  to  be  no  difference ;  the  pygidium,  except 
in  the  shape  of  the  axis,  is  identical,  and  the  ornamentation  is 
quite  similar.  The  species  recently  described  by  the  author  as 
Ph,  (Dalmanites)  Bohertsi^  differs  by  the  narrower  and  more  elongate 
glabella,  by  the  shape  and  fewer  segments  of  the  pygidial  axis,  and 
especially  by  the  absence  of  the  terminal  spine  of  the  pygidium. 

Ph.  (Dahn.)  appendtculatuSf  Salter,'  has  a  somewhat  similar  glabella, 
but  the  pygidium  is  more  elongate  and  tapers  to  the  mucronate 
extremity;  the  axis  tapers  regularly,  and  has  fewer  rings  and  an 
appendix;  the  ribs  on  the  lateral  lobes  are  falcate  and  undulate 
the  margin, 

Phaoops  (Dalmanitks)  aff.  inoertcs,  Deslongchamps. 
(PL  XII,  Pig.  4.) 
There  are  several  pygidia  from  the  Slade  Beds  of  the  quarry 
at  Upper  Slade,  Haverfordwest,  which  seem  to  indicate  a  new 
species  of  Phaeopa,  the  description  of  which  may  be  given  as 
follows  : — Pygidium  broadly  subtriangular,  bluntly  pointed  behind  ; 
surrounded  by  narrow,  depressed,  concave,  smooth  border,  not 
mucronate,  but  slightly  elevated  and  upturned  behind  axis.  Axis 
conical,  tapering  rather  rapidly  at  first  and  then  more  slowly  to 
blunt  apex,  not  reaching  posterior  margin  ;  extending  about  four- 
fifths  the  length  of  the  pygidium,  and  with  a  width  at  front  end 
a  little  more  than  a  quarter  that  of  pygidium  ;  gently  convex, 
annulated  for  whole  length  with  about  12  or  more  rings,  but  only 
the  first  9  or  10  are  distinct.  Lateral  lobes  gently  convex,  each 
consisting  of  a  half  pleura  at  front  end  followed  by  six  simple, 

1  Barrande :  Syst.  Silur.  Boheme,  vol.  i,  p.  662,  pi.  xxi,  fig.  32. 
*  Reed:  Geol.  Mao.,  Dec.  V,  Vol.  I,  p.  106,  PI.  V. 
»  Salter:  Mon.  Brit.  Trilob.,  p.  46,  pi.  iv,  figs.  11,  12. 
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-tligfatlj  oaryed  plearsB,  ending  abruptly  at  oonoaTe  border,  and  not 
<x>rre8ponding  to  the  axial  segments.  Bach  pleura  has  a  short 
oblique  furrow  on  its  outer  half.  Interpleural  furrows  disttnot 
and  of  uniform  strength  for  their  whole  length.  Axial  fnrrowa 
moderately  strong. 

DiMBMSIOMS. 

nun. 

Lei^tb  of  pygidium 9*0 

Width 15-0 

Width  of  axis  at  front  end      4*5 

Affinities. — ^This  species  in  its  shape  and  number  of  axial  rings 
«nd  pleurce  recalls  Ph.  appendiculatua,  Salter,*  but  the  pleursB  in  the 
latter  are  deeply  furrowed  along  their  whole  length  and  undulate 
the  margin.  In  Ph.  Weaveri,  Salter,'  the  segments  are  more 
numerous,  though  the  contour  and  proportions  of  the  pygidium  are 
not  dissimilar.  Ph.  ineertua,  Deslongchamps,  as  recorded  by  Salter  * 
from  the  Budleigh  Salterton  pebbles,  has  a  pygidium  almost  identical, 
and  apparently  it  differs  only  in  the  possession  of  a  more  produced 
and  mucronate  posterior  end.  The  Siade  form  is  undoubtedly  more 
closely  allied  to  it  than  to  any  other.  Salter  {op,  eit.)  correctly 
recognised  that  Ph,  ineertus  belonged  to  the  group  characterised 
by  2>.  soeicdia  in  Bohemia,  and  it  is  difficult  therefore  to  see  why 
he  ascribed  it  in  the  same  work  to  the  subgenus  Acaate. 

Phaoops  (Chasmops)  conicophthalmus,  Boeck.     (PI.  XII,  Fig.  1.) 

No  member  of  the  subgenus  Chasmopa  appears  to  have  been  so  far 
described  or  recorded  from  the  Haverfoniwest  district  Mr.  Tumbull's 
collection,  however,  contains  two  examples,  one  consisting  of  a  fine 
head  from  the  Slade  Beds  of  Upper  Slade,  which  may  be  confidently 
referred  to  the  British  form  termed  Chaamops  eonl_ie']ophthalmua 
(Boeck)  by  Salter  and  others,  though  it  is  doubtful  if  it  is  really 
identical  with  Boeck's  species,  llie  Slade  specimen  consists  of  a  cast 
and  external  impression,  the  latter  of  which  shows  the  surface- 
characters  fairly  well.  In  the  shape  and  proportions  of  the  glabella 
and  of  the  frontal  lobe.  '  cat's  ear '  lateral  lobes,  and  third  lateral 
lobes,  it  is  identical  with  Salter's  figured  specimen  (op,  eit,  pi.  iv, 
fig.  25)  in  the  Sedgwick  Museum ;  there  is  likewise  to  be  noticed 
the  practical  absence  of  the  second  lateral  lobes,  which  are  in  most 
species  represented  by  small  nodules ;  the  convexity  of  the  cheeks^ 
position  and  size  of  the  eyes,  and  deep  furrow  round  their  base  also 
agree,  but  in  our  Slade  specimen  the  eye  is  well  preserved  and 
shows  the  lenses,  which  are  arranged  in  about  25  rows,  with  a  total 
number  of  about  150  lenses  in  all.  The  eye-lobe  is  elevated, 
prominent,  and  almost  angulated,  as  Angelin's^  figure  shows,  and  the 
genal  angles  are  similarly  produced  into  long,  broad,  flattened  spines, 
steeply  inclined  to  the  general  plane  of  the  head-shield  and  extending 

1  Salter:  Mon.  Brit.  Trilob.,  p.  46,  pi.  ir,  fig.  12. 

*  Ibid.,  p.  67,  pi.  iv,  fig.  7. 

»  Ibid.,  p.  30,  pi.  i,  figs.  27,  28. 

*  Angelin :  Pal.  Scand.,  p.  9,  pi.  vii,  figs.  5,  6. 
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baokwards  for  a  distanoe  at  least  eqaal  to  its  length.  The  poinb 
of  the  spines  are  broken  off.  Salter  {op.  eit.)  described  the  genii 
angles  as  <' short-spinous,"  bat  his  ngared  speoimens  hate  tb 
angles  of  the  head-shield  broken  off  short,  so  that  their  tm 
character  ooold  not  be  determined. 

The  whole  surface  of  the  head-shield  in  oar  specimen  is  minatelj 
granalated,  bat  the  glabella  and  neck-ring  possess  also  nameroo^ 
minute  inoonspiouous  tabercles,  regalarly  distributed  over  the  surface. 
Salter's  figures  show  the  head-shield  as  coarsely  tuberonlated,  thougb 
he  expressly  states  that  it  is  **  granular  and  not  tuberoalar."  Hu 
figured  specimen  (op.  dt.,  pi.  iv,  figs.  5,  6)  and  other  specimdiu 
named  by  him  show  numerous  small  low  tubercles ;  so  that  tite 
description  is  misleading. 

Of  other  species  resembling  this  British  form  the  one  nimed 
Ch.  maxima,  Schmidt,*  may  be  mentioned ;  the  shape  of  the  glabdi* 
and  first  lateral  lobes  agrees  closely  in  some  specimens,  and  the 
proportions  as  given  by  Schmidt  are  similar ;  but  the  presence  of 
distinct  second  lateral  lobes,  the  more  numerous  lenses  in  the  eje^ 
and  the  absence  of  a  tubercular  ornamentation  mark  it  off. 

Dimensions. 

mm. 

Length  of  head-shield  19*0 

Width  of  head-shield 60-0 

Lenj^th  of  glabella     15*0 

Width  of  glabella  (anterior  end)       25  %5 

Width  of  glabella  (at  base) 12*0 

Length  of  frontal  lobe  11*0 

Phaoops  (Chasmops)  hagbouba  (Sjogren)  ?     (PI.  XII,  Fig.  3.) 

The  second  example  of  the  subgenus  Cha$mop8  is  a  specimen  of  an 
imperfect  pygidium  from  the  Sholeshook  Limestone  of  the  Sboles- 
hook  Railway  cutting.  It  shows  the  typical  characters  of  the  fom 
attributed  by  Salter '  to  Ch.  macrouraf  Sjogren,  but  which  is  belie«^ 
by  Schmidt  ^  to  belong  to  Ch.  Eichwaldi,  Schmidt.  It  appears  to  id» 
highly  probable  that  the  English  form  is  distinct  from  both  these 
species,  and  perhaps  more  than  one  species  has  been  included  hj 
Salter  and  others  under  this  name.  But  the  species  of  this  sab- 
genus  are  so  closely  allied  to  each  other  that  when  dealing  witi» 
imperfect  and  fragmentary  specimens  it  is  almost  impossible  to 
separate  them  with  certainty. 

In  this  Sholeshook  specimen  there  is  a  faint  row  of  pits  visibia 
along  each  pleural  furrow  on  the  lateral  lobes,  such  as  was  described 
by  McCoy  *  in  the  pygidium  of  Ch.  macroura,  but  this  feature  w»s 
not  mentioned  by  Salter  in  his  specific  description  and  is  ^^^ 
observable  in  the  majority  of  British  specimens,  though  perba|i« 

»  Schmidt:  Rev.  Ostbalt.  Silur.  Trilob.,  pt.  i  (1881),  p.  112,  pi.  iu,  fig.  l^'- 
pi.  iv,  figs.  1-3  (especially  fig.  2),  etc. 

»  Salter:  Mon.  Brit,  trilob.,  p.  37,  pi.  iv,  figs.  18-23. 

8  Schmidt:  Rev.  Ostbalt.  Silur.  Tnlob.,  pt.  i  (1881),  p.  117,  pi.  iv,  fig- ^' 
pi.  v,  fi<rs.  8-10,  16  ;  pi.  X,  fig.  21. 

*  McCoy:  Syn.  Brit.  Pal.  Foss.,  p.  162,  pi.  iG,  fig.  20  (Od<mtochUe  trw^^ 
Cauda  fa). 
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this  may  be  due  to  their  state  of  preservation.     It  is  present  in 
Ch,  amphora,  Salter,^  but  in  other  respeots  this  species  is  distinct. 

Enobinubus  MULTI8KGM1NTATU8  (Portlock).     (PL  XII,  Fig.  6.) 

This  species  was  not  recorded  by  Messrs.  Marr  and  Boberts  from 
the  Haverfordwest  area,  but  in  the  Tumbnll  Collection  there  are 
several  well-preserved  pygidia  and  one  cranidinm  from  the  Slade 
Beds  of  Cuckoo  Grove  Lane. 

The  cranidinm  of  this  species,  which  was  described  by  Portlock  ^ 
as  Ampyx  (?)  haceatua,  has  a  characteristic  circlet  of  about  ten  large 
projecting  tubercles  in  front  of  the  pear-shaped  convex  glabella, 
which  in  our  jspecimen  (a  cast)  shows  distinct  traces  of  two  pairs 
of  lateral  lobes.  The  tumid  fixed  cheek  is  about  half  the  length  of 
the  glabella,  and  is  ornamented,  like  it,  with  large  tubercles.  The 
pygidium,  upon  the  characters  of  which  Portlock  ^  based  his  species 
Amphion  [£>.]  multisegmeniatus,  is  of  an  elongated  triangular  shape, 
with  a  long  tapering  axis  annulated  to  its  tip  with  24-30  rings, 
which  are  quite  continuous  across  the  axis,  though  between  the 
posterior  ones  the  intervening  furrows  are  less  deep  in  the  middle. 
No  tubercles  are  present  on  the  axis.  The  lateral  lobes  consist  of 
12  simple  pleurso  (8-10  only  show  in  our  specimens,  which  are 
imperfect  posteriorly) ;  the  anterior  ones  are  curved  gently  back- 
wards, while  the  posterior  ones  are  successively  more  strongly 
directed  backwards  till  the  last  few  lie  almost  parallel  to  the  axis. 
The  whole  surface  of  the  pygidium  is  finely  granulated,  and  there 
are  1-3  large  tubercles  on  each  pleura. 

Dimensions.  mm. 

Length  of  cranidimn      8*5 

Length  of  py^dium      14-0* 

Width  of  pygidium  (at  front  end)        12-5 

Remabks. — A  form  under  the  same  specific  name,  comparable  or 
identical  with  Portlock's  species,  has  been  described  by  Schmidt* 
from  the  Lyckholm  Beds  of  the  Russian  Baltic  provinces,  and  by 
Tomquist^  from  the  Leptadna  Limestone,  l^e  species  has  also 
recently  been  recognised  in  the  Whitehonse  and  Drummuck  groups 
of  the  Qirvan  district  It  is  closely  allied  to  JS.  Seehachi,  Schmidt,' 
from  the  Wesenberg  Beds. 

The  points  of  difference  between  E.  mvltisegmentatus  and  the  allied 
^.  mtdtipUcattu  have  been  previously  given  by  the  present  author^ 
in  describing  the  latter.  The  type  of  Portlock's  K  mtUtisegmentatua 
is  in  the  Jermyn  Street  Museum,  where  I  have  had  the  privilege 
of  examining  it. 

*  Salter:  op.  cit,  p.  42,  pi.  iv,  fig.  16. 

*  Portlock:  Geol.  Rep.  Londonderry,  p.  262,  pi.  iii,  fig.  II. 
»Ibid.,p.291,pl.iii%g.6.  ^ 

*  Schmidt:  Rev.  Ostbalt.  Silur.  Trilob.,  pt.  i  (1881),  p.  227,  pi.  xiv,  figs.  U,  15  ; 
pl.  XT,  figs.  19,  20. 

*  Tornquiat:  Undereokn.  Siljansom.  Trilobitf.  (Sver.  Geol.  Undereokn.,  ser.  C, 
No.  66),  1884,  p.  24,  pl.  i,  figs.  18,  19. 

*  Schmidt:  op.  cit.,  p.  229,  pl.  xiv,  fig8.  16-26 ;  pl.  xiv,  figs.  21-23. 

'  Reed:  Geol.  Mao.,  Dec.  IV,  Vol.  VIII  (1901),  p.  107,  Pl.  VII,  Fig.  3. 
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EXPLANATION  OP  PLATE  XII. 

Fio.  X.-'Fhaeopa  {Cha»mop9)  eonieophthaknm,  Boeck.     Head-shield.     Skde  Beds^ 

Upper  Slade,  HaTerfordwest.     x  IJ. 
,,     2. — Fkaeopa  (Dalmanitet)  toeiatii,  Barr.    Yar.     Nearly  complete  indiTidiial. 

Orthit  argentea  zone,  Prenden;a8t  Lane,  Haverforawest.    Nat.  size. 
„     3. — Fhaeopt  (Chasmops)  maeroura,  Sjder.  ?   Portion  of  pTgidium.    Sholeshook 

Limestone,  Sholeshook  Railway  Cutting,  Harerforaweet.    Nat.  size. 
„     i.^Fhaeops  {DtUmanitea)  aft.  ineertmt,  DesL    Pygidiom.    Slade  Beds,  Uppo^ 

Slade,  Hayerfordwest.     x  2^. 
„     5.— irfimfitftiM  muUiugmentaiuMy  Portl.     Pygidium.     Slade  Beds,  Goekoo 

Oroye  Lane,  Hayerfordwest.     x  2|. 


11. — Some  Eroded  Books  in  Cobsioa. 

By  Professor  T.  G.  Bownet,  D.Sc.,  LL.D.,  F.B.8. 

(PLATE  XIII.) 

AS  I  have  recently  seen  certain  oases  of  the  ourious  hollowing: 
out  of  rooks  in  Corsica,  described  by  Mr.  F.  F.  Tuckett  (with 
a  note  from  myself)  in  the  January  number  of  this  Magazine,  for 
which  Mr.  Lake  suggested  an  explanation  in  the  following  number,. 
I  will  add  something  to  that  note  and  intimate  why  I  did  not 
refer  to  desert  regions  for  an  explanation.  The  case  which  Mr.  Lake- 
mentions  (« Das  Oesetz  der  Wiistenbildung,"  fig.  7)  undoubtedly 
much  resembles  Mr.  Tuckett's  photographs,  and  so,  to  some  extent, 
do  figs.  16  and  17,  more  especially  the  latter.  With  these  I  was 
not  then  acquainted,  perhaps  having  oyerlooked  the  book,  because 
I  wrote  a  notice  of  "Die  Denudation  in  der  Wiiste,"  when  it 
appeared  in  1891,  and  had  formed  the  opinion  that  the  author 
was  disposed  to  work  his  hypothesis  for  rather  more  than  it  would 
stand.  As,  however,  I  knew  there  would  shortly  be  a  chance  of 
iny  getting  a  glimpse  of  the  Egyptian  desert,  I  postponed  stating 
why  I  had  not  suggested  that  kind  of  atmospheric  erosion.  In  this 
region,  however,  I  saw  no  more  than  I  already^  knew,  but  on  our 
return,  owing  to  an  unexpected  change  of  plans,  we  spent  an 
afternoon  and  part  of  the  next  day  in  harbour  at  Ajaccio,  when, 
by  a  lucky  chance,  I  hit  upon  some  curious  instances  of  erosion^ 
which  I  think  may  be  worth  a  brief  description. 

After  strolling  through  the  town,  I  walked  from  the  Place 
Bonaparte  to  a  quarry  which  has  been  opened  at  the  foot  of  the 
hills.  These  rise  rather  steeply  from  the  town,  and  must  be  sloping 
just  at  this  point  roughly  to  the  south-east  The  rock  was  a  fairly 
coarse  porphyritic  granite,  grey  with  a  tinge  of  pink,  with  the  surface 
but  slightly  decomposed.*  I  rambled  up  the  slope,  on  which  out- 
crops of  granite  are  often  frequent,  attracted  by  the  beauty  of  the 
wild-flowers,  until  I  reached  a  road   running  along  the  hillside, 

*  A  thin  slice  shows  the  roek  to  be,  for  a  granite,  in  good  presenration.  Enough 
to  say  that  it  consists  (apart  from  minor  details)  of  quartz,  biotite,  and  felspars, 
some  of  which  (probably  orthoclase),  by  enclosing  smaller  crystals  of  another  species 
(usually  a  plagioclase),  and  by  a  peculiar  mottling  and  streaming  (perhaps  a  result  of 
strain),  recall  the  felspars  of  one  or  two  Alpine  granites,  such  as  the  protogine  of  the 
Mont  Blanc  range  or  that  on  the  upper  part  of  the  St.  Gotthard  Pass. 
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perhaps  400  feet  above  the  aea.^  Along  this  I  strolled  for  a  short 
distanoe  to  enjoy  a  yet  wider  view ;  the  slope  rising  rather 
steeply  on  one  hand,  ooonpied  partly  with  tillage,  partly  with 
trees,  but  showing  here  and  there  a  small  knoU  or  boulder  of 
granite,  and  desoending  on  the  other  hand,  being  overgrown,  in  the 
immediate  neighbourhood,  with  herbage  and  trees.*  On  this  slope, 
and  a  short  distanoe  below  the  road,  my  eye  was  attracted  by 
a  block  of  granite,  apparently  a  boulder  several  cubic  yards  in 
▼olume,  on  the  lower  part  of  which  was  a  curious  excavation. 


Fio.  1.— Hollow  in  Granitic  block,  outer  Fio.  2.— Section  along  the 

surface  dotted.    A,  mouth  of  inner  line  C-D  in  Fig.  1. 

hollow ;  B,  hole  into  it. 

The  annexed  sketches  (Figs.  1  and  2),  though  very  rough,  for  the 
subject  was  difficult  to  draw,  will  save  a  long  description.  The 
hollow  (as  the  section  in  Fig.  2  shows)  was  on  rather  the  under 
side  of  the  boulder,  against  which  a  smaller  one  was  lying.  From 
C  to  D  (Fig.  1)  was  about  30  inches  (estimate),  and  the  deepest 
part  (at  A)  perhaps  16  inches.  From  this,  however,  a  funnel-like 
cavity  went  upwards  with  a  circular  opening  into  it  at  B,  about 
2  inches  in  diameter.  Holding  the  head  of  my  hammer,  I  thrust 
the  handle  up  the  funnel  till  its  end  passed  this  opening.  How 
much  higher  it  may  go  I  cannot  say,  for  when  I  have  a  defective 
knowledge  of  the  aggressive  fauna  of  a  country  I  am  not  over 
curious  in  exploring  dark  hollows.  The  part  drawn  looked  roughly 
west,  aud  on  the  opposite  side  of  the  block  was  a  smaller  hollow. 

A  few  yards  lower  down  the  slope  a  block  of  granite,  measuring 
rather  more  than  a  yard  one  way  and  a  little  less  the  other,  is  built 
into  a  low  wall.  On  its  surface  are  no  less  than  eleven  basin- 
like hollows,  most  of  them  about  4  inches  in  diameter ;  two  being 
from  8  to  10  inches  deep,  and  others  4  or  5  inches.  As  I  scrambled 
downwards  through  the  wood  1  saw  many  more  hollows,  either 
in  boulders  or  in  outcrops  of  granite,  sometimes  one,  sometimes 
several  on  a  block.  Some  were  mere  'potholes'  like  those  made 
by  water,  others  short  channels,  rudely  resembling  the  cast  of 
a  slug,  which  not  seldom  deepen  in  one  part  to  a  kind  of  basin ; 

'  Perhaps  it  was  part  of  the  Salario  Road.    I  had  no  map  of  Ajaccio. 
*  The  maiority  were  wild  olives,  as  Sir  W.  T.  Thiselton  -  Dyer,  after  examining 
a  specimen,  has  kindly  informed  me. 
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others  again  sink  deep  into  the  stone,  certain  of  them  mnning 
either  upwards  or  sideways;  oooasionally  they  reminded  one, 
though  of  course  they  were  much  larger,  of  the  borings  made 
in  limestone  by  snails.^  One  reeembl^  those  photographed  by 
Mr.  Tnckett  (except  that  the  eroded  hollow  was  higher  up  the  side 
of  the  block),  and  I  think  a  big  lad  might  have  curled  himself  up 
inside.  The  surfiace  of  the  blocks  was  in  fair  preservation,  for 
though  the  felspar  was  rather  dulled  and  whitened  it  was  not  at 
all  rotten ;  ^  that  of  the  hollows  was  smoothed,  occasionally  almost 
glazed,  but  the  porphyritic  felspar-crystals  were  often  just  prominent 
enough  to  catch  the  eye  and  be  felt  by  the  finger.  The  majority  of 
the  hollows  looked  towards  the  west;  the  remainder  faced  to  the 
other  points  of  the  compass,  sometimes  more  than  one  way  on  the 
same  block,  and  they  were  at  various  heights  from  the  ground. 
The  group  represented  in  PL  XllI,  though  not  one  of  those  which 
I  saw,  gives  an  excellent  idea  of  some  of  the  hollows.  I  am 
indebted  for  it  to  Sir  C.  W.  Wilson,  K.C.B.,  P.R.S.,  to  whom  I  had 
mentioned  the  discovery,  and  from  whom  I  received  it  after  this 
paper  was  in  type.  He  tells  me  that  it  was  on  the  slope,  a  few 
yards  from  a  wall  boundary  and  pathway,  and,  as  far  as  he  can 
remember,  within  a  hundred  yards  of  the  garden  wall  of  the  Hotel 
Continental  (in  the  Boulevard  Grandval).  The  dimensions  are,  at 
a  rough  estimate,  5x6  feet 

I  saw  from  the  vessel  some  granite  blocks  on  the  northern  slopes  of 
a  valley  which  comes  down  to  the  sea  a  little  to  the  north  of  Ajaccio, 
80  I  walked  there  next  morning.  They  are  not  far  from  the 
P6nitencier  de  Castelluccio.  Here,  however,  the  blocks  were  not 
so  numerous  or  accessible,  and  I  found  but  one  good  example  of 
these  hollows,  of  which  a  diagram  is  annexed  (Fig.  3) ;  this  occurs 


/  V 

Fio.  3. 

on  the  front  face  of  a  rudely  quadrangular  block,  defined  by  rough 
joints,  which  rises  to  a  height  of  9  or  10  feet  above  the  ground, 
being  perhaps  5  feet  wide  near  the  top.  In  form  the  hollow 
slightly  resembles  the  outstretched  head  of  a  duck  with  a  rather 

1  See  Geol.  Mao.,  1869,  PI.  XVII,  and  the  Fig.  on  p.  486. 

2  In  a  specimen  obtained  from  a  block  on  a  more  exposed  part  of  the  hillaide,  in 
which  was  one  hollow,  the  cleavage-planes  of  the  larger  felspars  stiU  reflect  light 
fairly  well. 
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Eroded  Granite  Boulder,  near  Ajaccio. 
Corsica. 

From  a  photograph  by  Sir  C.  W.  Wilson,  K.C.B.,  etc. 
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pointed  bill ;  it  was  about  a  yard  long,  16  inobes  in  greatest  breadtb, 
And  14  inobes  in  greatest  deptb,  tbe  lowest  point  being  about  7^  feet 
from  tbe  ground.  All  tbe  figures  are  estimates,  tbe  bollow  being 
^nacoessible.  In  it  were  two  basins,  one  in  tbe  bead  (tbe  deeper, 
I  think),  tbe  otber  at  tbe  end  of  tbe  *  neok.'  I1iis  faoe  of  tbe  rook 
looked  a  little  soutb  of  east. 

Sinoe  my  return  to  England  I  bave  ascertained  tbat  an  account  of 
these  curious  bellows  was  publisbed  in  1882  by  Prof.  H.  H.  Beuscb 
(Bull.  Soo.  Oeol.  France,  ser.  in,  t.  xi,  p.  53).^  He  states  tbat  tbey 
oocur  in  botb  granite  and  sobists,  tbe  smaller  being  called  tafoni, 
the  larger  grottes,  and  tbinks  tbey  indicate  soft  places  in  tbe  mass, 
thus  being  tbe  converse  of  tbe  weatbered  out  blocks  wbicb  simulate 
erratics.  He  remarks  tbat  be  bas  seen  some  approacb  to  tbe  structure 
ia  tbe  old  sea  caves  of  Norway.  Tbey  are  also  mentioned,  witb 
-other  cases  of  peculiar  erosion,  in  Professor  Penck's  **  Morpbologie 
der  Erdoberflacbe''  (1894,  pt.  i,  pp.  214-216),  and  by  bim  attributed 
to  local  decomposition,  but  tbese  in  several  cases  appear  to  be 
only  basins  of  tbe  'sacrificiar  type.  Signer  Paul  Oboffat,  bow- 
ever,  gives  an  excellent  description  of  some  examples  in  Portugal 
(<'  Communioa^des  da  Direo^ao  dos  Trabalbos  Geologioos  de  Portugal," 
t.  iii,  p.  17)  witb  four  good  illustrations.  Tbey  occur  in  a  porpbyritio 
granite  at  two  localities  very  different  in  situation.  One,  in  tbe 
Oerez,  is  nearly  15  leagues  inland  on  barren  bills,  almost  3,000  feet 
above  sea-level ;  tbe  otber,  at  Faro  d'Anba,  at  beigbts  of  from  500 
to  550  feet  in  a  tbick  wood  of  tall  pines.  Tbere  are  tbree  types : 
simple  basins,  basins  witb  a  linear  arrangement  and  more  or  less  in 
oommunication  by  destruction  of  tbe  intervening  walls,  and,  tbirdly 
(only  at  Faro  d'Anba),  varied  forms,  sucb  as  1  bave  described  above, 
one  of  tbem  being  undercut,  tbougb  to  a  less  extent  tban  tbat 
£gured  by  Mr.  Tuckett;  tbe  sides,  not  in  tbis  case  only,  exbibit 
a  sligbt,  rudely  borizontal  ridging,  witb  an  approacb  to  a  glaze. 
Signer  Cboffat  attributes  tbese  bellows  to  local  decomposition,  tbougb, 
if  I  rigbtly  understand  bim,  be  would  not  exclude  tbe  possibility 
of  some  baving  been  *  toucbed  up '  by  prebistorio  man.  He  states 
tbat  tbe  basins  (of  tbe  Dartmoor  type)  are  not  unfrequently  sur- 
rounded by  a  sligbt  rim,  as  if  tbe  adjacent  rook  were  sligbtly  barder 
tban  tbe  rest,  mentioning  a  suggestion  by  Professor  Heim  tbat  tbis 
raigbt  be  due  to  percolation  of  silica  liberated  by  decomposition 
of  tbe  felspar — an  ingenious  idea,  wortb  careful  consideration,  for 
it  would  also  explain  tbe  occasional  approacb  to  a  glazing  of  tbe 
surface,  but  not  quite  free  from  difficulty,  for  tbis  percolation  would 
bave  sometimes  to  extend  almost  against  gravitation,  and  one  would 
t)xpect  tbe  bardening  of  tbe  silica  to  cbeck  tbe  enlargement  of  tbe 
cavity. 

Decomposition  seems  tbe  natural  explanation,  but  in  some  of  tbe 
cases  described  tbis  must  bave  acted  in  a  singularly  selective 
way ;    tbe  granite  also,  as  1  bave  said,  sbows  no  sign  of  auytbing 

^  I  was  set  on  the  track  of  this  and  other  references  by  Sir  A.  Geikie's  valuable 
** Text  Book"  (p.  456).  Professor  Reusch  also  publisheain  a  Christiania  scientific 
periodical  (1878),  but  I  have  not  been  able  to  consult  the  paper. 
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like  rottenness,  and  the  sobist,  as  implied  on  p.  12,  is  in  good 
condition  olose  to  the  very  outside.  The  state  of  the  sorfaoe- 
snggests  that  meohanioal  foroes  may  have  oo-operated  with  ofaemioal, 
for  it  is  not  unlike  that  produced  by  blown  sand  ;  yet  to  gouge  out 
some  of  these,  for  instance  that  first  desoribed,  the  winds  would 
have  to  eddy  in  a  very  queer  fashion,  for  the  holes  oooasionally 
run  deep  into  the  rock  both  sideways  and  upwards.  Nor  does  the- 
aotion  of  dew  or  of  moisture  in  any  form  seem  a  promising  explana- 
tion, for  they  occur  on  both  sheltered  and  exposed  sides  of  the- 
blocks  and  look  to  all  points  of  the  compass,  though  more  commonly 
westwards. 

This  brings  me  to  the  difficulty,  which,  owing  to  my  gen«ral 
knowledge  of  Corsica  and  Mr.  Tuokett's  descriptions,  had  prevented 
me  from  seeking  an  explanation  in  Indian  or  any  other  desert  r^ons. 
Its  scenery,  so  far  as  I  know  it,  is  at  least  as  luxuriant  as  that 
around  the  subalpine  Italian  lakes.  There  was  not  a  trace  of  grit 
or  sand  about  the  Ajacoio  blocks,  and  to  reduce  an  island  in  this^ 
part  of  the  Mediterranean  to  the  conditions  of  a  desert  or  steppe 
would  demand  changes  of  geography  or  climate  which  are  almost 
startling,  and  we  must  also  suppose  that  since  the  arid  epoch 
ended  the  surfaces  of  the  hollows  have  undergone  little  or  no 
alteration.  Neither  atmospheric  corrosion  nor  any  form  of  wind 
abrasion  seems  to  satisfy  all  the  conditions  of  the  problem,  and 
until  I  can  spend  some  time  in  Corsica  to  study  other  examples 
I  prefer  to  restrict  myself  to  this  statement,  negative  though  it  be. 

III. — On  thb  Homotaxial  Equivalvnts  of  thb  Lowkb  Culm  or 

NOBTH   DbVOMSHIRK. 
By  Whbelton  Hind,  M.D.,  B.S.,  F.R.C.S.,  F.G.S. 

IN  the  paper  on  the  Pendleside  group  at  Pendle  Hill,  Q.J.6.S., 
vol.  Ivii,  p.  377,  I  said,  "  The  further  facts  of  the  distribution  of 
GlypMoceras  apirale  and  Posidonamya  Beeheri  set  forth  in  the  fore- 
going pages  open  up  the  wide  question  of  the  age  of  the  Culm  beds 
of  Devon  and  Germany.*'  Since  then  I  have  had  the  great  advantage 
of  examining  suites  of  fossils  from  the  Lower  Culm  of  Devonshire, 
collected  by  Mr.  Hamling,  of  Barnstaple,  and  Mr.  Coomaraswamy, 
from  the  Coddon  Hill  Beds  and  other  localities  in  North  Devon. 
I  was  so  interested  in  the  fossils  that  I  found  it  necessary  to 
go  down  and  examine  the  beds  in  which  they  occurred,  and 
Mr.  Hamling  gave  nie  the  inestimable  advantage  of  his  guidance. 
In  this  way  we  examined  the  Lower  Culm  and  the  underlying 
Pilton  Beds  in  detail  from  West  Leigh  to  Fremington,  and  the 
so-called  Middle  Culm  of  Bideford  and  other  places.  I  was  able 
to  see  the  Hall  collection  of  fossils  at  Barnstaple,  and  ag^in  to 
renew  my  acquaintance  with  Mr.  Hamling's  collection.  This  visit 
to  Devonshire,  it  seems  to  me,  was  fortunately  planned  after  a  visit 
last  Summer  to  the  Devono-Carboniferous  succession  in  the  south- 
west of  Ireland,  and  a  study  of  the  fauna  in  the  collection  of 
the  Geological  Survey  at  Dublin  and  in  the  Museum  of  Queen's- 
College,  Cork. 
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If  palnontology  is  of  any  Talae,  and  the  distribation  of  fossils 
does  indioate  homotazis,  then  we  are  partioularly  fortunate  in  the 
Oolm,  which,  though  it  is  not  riohly  fossiliferous,  yet  contains 
peculiar  and  well-marked  species,  which  do  indicate  well-marked 
horizons  in  the  Oarboniferous  series  farther  north. 

There  are  certain  stratigraphioal  facts  which  are  well  known,, 
such  as  the  general  succession  of  the  Devonian  series  and  itfr 
relation  to  the  Oulm.  It  is  agreed  that  the  geological  structure^ 
of  Devonshire  is  a  synclinal,  and  that  in  the  north  the  rocks  are^ 
all  very  highly  tilted  and  dip  steadily  south  at  high  angles ;  that 
the  dip  is  not  simple,  but  that  in  each  member  of  the  series  there^ 
are  many  secondary  folds,  owing  to  which  it  is  impossible  to 
estimate  the  thickness  of  each  division.  There  appears  to  be  no 
unconformity  between  the  Upper  Devonian  or  Pilton  Beds  and  the 
Lower  Oulm. 

The  Lower  Oulm  consists  of  two  very  distinct  series  of  rocks  i 
the  Ooddon  Hill  Beds,  which  are  composed  of  thin-bedded,  hardy 
siliceous,  or  cherty,  light-grey  or  fawn-coloured  rocks,  full  of 
radiolarian  remains,  and  containing  a  small  but  distinctive  fauna, 
and  the  Venn  or  Black  limestones,  of  hard,  splintery,  black,  semi- 
crystalline  limestone  and  calcareous  shales  with  Foaidonomya  Becheri 
and  OlyphioceraB  erenistria. 

The  first  and  important  point  to  settle  is  the  true  succession  in 
the  Lower  Oulm,  that  is  to  say,  what  is  the  relation  between  the 
peculiar  thin  siliceous  beds  of  Ooddon  Hill  and  the  Black  limestones 
yielding  Fosidonomya  Becheri  of  Venn,  Bampton,  and  West  Leigh  ? 

Sedgwick  (Trans.  Geol.  Soc.,  ser.  vi,  vol.  v,  p.  670)  thought  that 
the  Ooddon  Hill  Beds  were  below  the  Fo$idonomya  beds.  Phillips  and 
many  others  thought  the  reverse ;  but  Mr.  Ussher  ('*  Oulm-measure 
Types  of  Great  Britain,"  Trans.  Inst.  Min.  Engineers,  vol.  xx,  1901, 
p.  862),  in  his  table  of  the  classification  of  strata,  favours  the  view 
that  the  Ooddon  Hill  cherts  are  below  the  Fosidonomya  beds.  11) is 
Mr.  Hamling  tells  rae  has  been  his  opinion,  and  together  we  examined 
the  ground  carefully  with  a  view  to  ascertain  the  evidence  for  this 
succession. 

Mr.  Hamling  writes  me  as  follows: — "I  see  at  the  reading  of 
Hinde  &  Fox*s  paper  on  <A  well-marked  horizon  of  Radiolarian 
Bocks  in  the  Lower  Oulm  of  Devon,  etc.,'  I  expressed  agreement 
with  their  conclusions,  which  suggest  that  Venn  beds  are  below 
Ooddon  Hill  (Q.J.G.S.,  vol.  li,  1895,  p.  609).  I  have  worked  these 
beds  very  closely  since  then,  and  now  believe  the  Ooddon  beds  are 
below  Venn.  Perhaps  you  can  explain  this  change  of  opinion 
since  1895." 

Standing  on  Ooddon  Hill  and  looking  north  and  east,  it  is  to  be 
noted  that  the  Ooddon  Hill  range  runs  east  to  beyond  the  village  of 
Swimbridge,  and  that  it  meets  east  of  that  village  a  ridge  which 
runs  into  it  from  the  west,  forming  a  Y  ;  i.e.,  there  is  a  synclinal  of 
Ooddon  Hill  Beds  which  west  of  Swimbridge  has  the  beds  contained 
in  the  syncline  gradually  pinched  out  in  succession,  so  that  the  two 
limbs  of  the  synclinal  come  together.    The  contour  of  the  surface  of 
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the  sjncltnal  troogfa  is  imporUot  Tracing  the  rodk^  from  north  to 
south,  Coddon  Hill  beds  form  mn  eest  to  west  line  of  eleTmtkm, 
soooeeded  hj  a  hollow  trongh.     In  this  hollow  the  Yenn  HmeBioDesi 
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with  Posidonomya  BecJieri,  have  been  worked.     In  the  centre  of 
the  synclinal  is  an  east  to  west  line  of  elevation,  sections  of  which 
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show  grits  and  rooks  of  a  Middle  Oulin  type.  Soath  there  is 
a  hollow  parallel  with  the  strike  between  these  grits,  the  main 
Cknldon  Hill  range,  whioh  I  think  indicates  the  Black  limestone 
of  Venn,  and  immediately  south  is  the  Coddon  Hill  range.  This 
wonld  make  the  suooession — 

Middle  Calm  grits. 
FosidoYMmya  beds. 
Coddon  HUl  beds. 

Unfortunately  no  limestones  have  been  worked  in  the  hollow  south 
of  the  Middle  Culm,  although  the  depression  whioh  exists  parallel 
to  and  between  the  Coddon  Hill  Beds  and  Middle  Culm  grits  seems 
to  indicate  calcareous  beds. 

There  is  no  doubt  that  the  dips  taken  in  various  quarries  show 
that  the  beds  on  the  north  are  dipping  south,  and  those  of  the  main 
Coddon  Hill  range  dip  north.  Also  the  Venn  limestones  are  dipping 
south  at  a  very  high  angle,  conformable  to  the  Coddon  Hill  Beds 
of  Venn  Cross  quarry  on  the  north  side  of  the  synclinal.  So  that 
in  the  valley  between  Venn  Cross,  where  the  beds  dip  south,  and 
Coddon  Hill,  where  the  beds  dip  north,  is  situated  the  Venn  limestone 
with  Fosidonomya  Becheri  and  the  Middle  Culm  grits.  Traced  east, 
in  the  gradually  vanishing  synclinal,  first  of  all  the  feature  formed 
by  the  Middle  Culm  grits  disappears  near  Hannaford,  and  in  the 
hollow  between  this  terminating  feature  and  the  junction  of  the  two 
limbs  of  the  Coddon  Beds,  the  Posidonomya  limestones  crop  out  rich 
in  fossils  and  occupying  a  hollow  with  beds  of  Coddon  Hill  type 
to  the  north  and  south  of  it. 

East  of  Swimbridge,  from  Filleigh  to  Marsh,  ai*e  a  line  of  old 
workings  in  the  Black  limestones,  but  the  Coddon  Hill  Beds 
become  faulted  out,  so  that  apparently  in  turn,  first  Fosidonomya 
beds  and  then  the  Middle  Culm  beds  rest  on  the  Pilton  series  or 
Upper  Devonian.  At  Headon,  quarries  of  well-marked  Coddon  Hill 
Beds,  here  associated  with  much  wavellite,  are  dipping  south  and 
are  north  of  the  line  of  the  Filleigh  limestones,  but  a  little  east  of 
North  AUer  Farm  they  have  disappeared  and  the  limestones  are 
faulted  against  Pilton  Beds.  For  the  next  17  miles  eastward 
Lower  Culm  beds  have  been  cut  off  by  faults,  but  near  Dulverton 
Station  beds  of  Coddon  Hill  type  are  to  be  seen  having  the  same 
strike  as  at  Coddon  Hill  east  and  west,  dipping  almost  vertically 
but  with  a  southerly  trend. 

Close  to  Dulverton  Station,  near  Brushford  village,  is  a  quarry  in 
Pilton  Beds  whence  Phillips  obtained  many  of  the  fossils  which  he 
described,  and  south  of  this  village  is  Kent's  Hill  quarry  with 
tbin  siliceous  beds  of  the  Coddon  Hill  type.  About  half  a  mile 
further  east  is  the  Hulverton  Hill  quarry.  This  hill  has  the  curious 
contonr  which  seems  to  be  typical  of  Coddon  Hill  Beds  elsewhere, 
and  the  beds  themselves  are  characteristic.  Nowhere  are  beds  of 
Posidonomya  limestone  seen  between  Pilton  and  Coddon  Hill  Beds. 
Still  further  east,  at  Ashbrittle,  are  Coddon  Hill  Beds,  and  these 
are  apparently  lying  on  Pilton  Beds. 
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If  the  geologioal  map  made  by  Mr.  Usriier  and  pablished  m  his 
paper  in  the  Transaotiona  of  the  Institute  of  Mining  Engineers 
(op.  supra  oit.)  be  examined,  it  will  be  seen  that  from  south  to 
north  the  Lower  Onlm  beds  tend  to  form  a  snooession  of  small 
evanescent  synolinals  due  to  folding.  Tongues  of  Middle  Oulm 
measures  invade  the  Lower  Oulm,  lying  in  small  troughs  which 
become  lost  as  they  pass  east.  One  of  these  troughs  runs  up 
between  Hulverton  Hill  and  Westbrook,  but  in  this  trough  I  think 
I  am  right  in  saying  no  limestones  have  been  found.  But  at  West- 
brook  Farm  and  near  the  road  from  Brushford  to  Bampton,  beds  of 
Ooddon  Hill  type  are  to  be  seen  dipping  south,  to  pass  beneath  the 
Posidonomya  limestones  so  fully  exposed  in  the  many  Bampton 
quarries.  In  the  railway  cutting  north  of  Bampton  Station  the 
beds  are  distinctly  thin  and  cherty,  and  approach  closely  to  the 
Ooddon  Hill  type. 
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Fig.  2. — Section  through  Coddon  Hill  Beds,  Barnstaple,  on  the  line  A-B  in  Fiff.  1. 
Scale :  horizontal,  4  inches  =  3  miles,  or  2  inches  =  1}  miles ;  vertical, 
iinch=  150  feet. 

At  Holcombe-rogus  and  Westleigh  the  well-developed  limestones 
all  crop  out  south  of  the  general  strike  of  the  Ooddon  Hill  Beds, 
but  the  time  was  too  short,  in  this  immediate  neighbourhood,  to 
examine  the  ground  in  sufficient  detail. 

West  of  Barnstaple  an  examination  of  the  succession  at  Fremington 
eeems  to  point  to  similar  conclusions.  The  river  bank  at  Fremington 
shows  a  series  of  fossiliferous  shales  with  numerous  Brachiopods  and 
<;orals  of  a  Oarboniferous  type,  but  containing  no  fossils  which  could 
be  used  as  an  index  of  horizon.  These  beds  evidently  are  either  at 
the  top  of  the  Pilton  series  or  immediately  overlie  that  series,  but 
for  our  present  purpose  it  is  important  to  note  the  relation  of  the 
strike  of  these  beds  to  that  of  the  Pilton  series,  for  they  afford 
a  base-line  for  the  determination  of  the  beds  immediately  above 
them.  These  are  seen  at  Pen  Hill  quarry,  immediately  south  of  the 
railway  line,  where  there  are  thin  platy  beds  with  cherts  in  bands 
and  siliceous  beds,  but  also  there  is  here  a  development  of  calcareous 
beds  of  some  few  feet  in  thickness.  The  limestones  and  shales, 
however,  have  not  been  found  to  contain  Potidonomya  Beeh&ri,  and 
the  whole  section  bears  a  close  lithological  resemblance  to  the 
Ooddon  Hill  Beds.  The  beds  are  dipping  south  at  an  angle  of 
28^.    At  Fremington  Pill,  near    Qaydon's    Cottage^  thin-Mdded 
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-silioaons  rooks  of  light  ftkwn  ooloar,  with  nameroas  chert  bands, 
liere  decomposed,  strongly  recall  Goddon  Hill  Beds.  These  lie 
Above  the  l^ds  seen  in  Pen  Hill  quarrj)  and  in  the  npper  portion 
of  them,  90  yards  from  the  wall  of  Qaydon's  Ootts^a^,  occurs 
J^omidonomya  Beeheri  in  abundance.  A  short  distance  further  south 
the  Black  Po$idonomya  limestones  have  been  worked. 

On  the  foreshore  west  of  Fremiugton  Station  are  beds  dipping 
50^  S.  which  have  a  Goddon  Hill  character ;  they  are  apparently 
on  the  top  of  the  limestone  band  in  Pen  Hill  quarry,  which  crops 
out  on  the  shore  at  low  water.  This  would  make  the  succession  at 
Fremington  as  follows : — 

Potidonomya  Beeheri  ISmestones Yenn  Limestones. 

Dark  shales  with  P.  Beehtri, 

Lighter-coloured  shales  with  cherts     \ 

Band  of  limestone >  Coddon  Hill  Beds. 

Shales      ) 

Fossiliferous  shales        Passage  beds. 

Pilton  series    Upper  Devonian. 

Following  the  beds  along  the  strike  westward,  no  beds  of  Goddon 
Hill  type  are  to  be  seen  between  the  Fremington  limestones  and  the 
Middle  Gulm  beds  at  Instow. 

The  beds  at  Instow  are  of  great  importance;  they  consist  of 
a  series  of  sandstones,  shales,  and  clays,  including  calcareous  nodules 
•crammed  with  fossils.  I  was  fortunate  enough  to  find  two  species 
which  had  not  previously  been  recorded  from  these  beds. 

Ptei^opeeten  papyraeeuty  Sow.,  sp.  Dimorphoeerae  Oilberttonij  Phill.,  sp. 

ToeidonieUa  laviiy  Brown,  sp.  Coslacanthu*  elegant, 

Gastrioeerat  Listeriy  Martin,  sp.  Eloniehthys  Aitkeni, 

Gatirioceraa  carbonarium^  V.  inch.,  sp. 

Tliese  beds  seem  to  succeed  the  sandstones  and  shales  at  the  base 
of  the  Middle  Gulm,  and  the  fauna  indicates  unmistakably  the  Lower 
Goal-measures  of  the  horizon  of  the  Bullion  Mine  of  Lancashire. 

Quarries  between  Instow  and  Bideford  show  indurated  clays, 
shales,  and  grits,  which  have  a  very  familiar  aspect  to  anyone  well 
acquainted  with  the  Goal-measures  of  the  Midlands. 

Roberts'  Quarry,  east  of  Bideford,  is  an  important  horizon,  because 
here  in  indurated  clay  and  fawn-coloured  shales  abundant  plant- 
remains  occur,  which  are  identical  with  ferns  and  plants  found  in 
the  Goal-measures  of  the  Midlands.  Immediately  above  the  plant- 
bed  is  an  indurated  light-coloured  clay,  with  iron  stains  in  its  joints, 
ill  which  the  typical  Goal-measure  shell  Carhomcola  acuta  is  not 
uncommon.  Unfortunately,  time  did  not  allow  further  work  in  the 
beds  above  the  Lower  Gulm,  but  the  fauna  and  flora  bear  out 
Sedgwick's  view  (op.  supra  cit,  p.  682),  "  The  Upper  Gulm  strata 
of  Devon  are  the  geological  equivalents  of  the  ordinary  Bristol 
coalfields." 

Palaoniology,  —  The  fossils  of  the  Lower  Gulm  are,  with  the 
exception  of  some  new  species  of  Trilobites  described  by  Dr.  Henry 
Woodward,  not  confined  to  Devonshire,  but  are  known  to  have 
a  fairly  definite  and  constant  distribution  in  other  Garboniferous  areas. 


Digitized  by  VjOOQ  IC 


398      Dr,  Wheeiton  Hind — Lotver  Culm  oj  North  Devon. 

In  that  area  of  England  between  Oraooe  in  Craven  and  Leioester- 
shire  where  the  Pendleside  series  is  developed,  it  is  foond  that 
immediately  on  the  top  of  the  massif  of  Carboniferous  Limestone 
at  Warsoe,  at  the  foot  of  Pendle  Hill,  in  the  Biver  Hodder,  near 
Stoney hurst,  and  at  Astbury  limestone  quarry  at  the  foot  of  Congleton 
Edge,  Cheshire,  are  beds  containing  Prolecanites  eompressus  and 
Trilobites  of  various  speoies.  Higher  up  in  the  series  are  beds  with 
Posidonomya  Becheri.  Then  at  Congleton  Edge  and  Pendle  Hill 
some  300  feet  below  the  Millstone  Grit  beds  are  marine  shales  witli 
Glyphioeeras  spirale,  Suoh  a  succession  has  been  found  to  occur  in 
many  localities,  and  I  take  it  to  be  a  normal  one,  and  that  the  fossils 
mentioned  above  indicate  definite  zones  in  the  Pendleside  series. 
Seeing  that  these  fossils  occur  in  the  Lower  Culm  series,  it  is 
important  to  ascertain  whether  there  is  any  stratigraphical  reason 
for  supposing  a  different  succession  of  these  fossil  zones ;  if  not, 
the  known  relation  of  the  fossil  zones  in  other  areas  may  be  used 
as  an  argument  for  a  similar  succession  in  the  Culm  area. 

In  the  Lower  Culm  series  there  are  two  distinct  faunas,  one 
contained  in  the  Coddon  Hill  Beds,  the  other  characterising  the 
Venn  limestones. 

Bbds  of  Coddon  Hill  type. 

In  the  Coddon  Hill  Beds  the  following  important  fossils  have 
been  obtained : — 

Trilobites. 
FhiUipiia  Leei.  GriJUhidet  aeanthicepi. 

,,         minor.  „       hngispinus. 

,,         Cliffordi.  Proetus,  sp. 

?  *FhilUpsia  Folleni. 

Corals. 
.    *Palaaeit  humiliSf  Hinde.  ^PUurotUetyum  Zhchmianum^  Eayser. 

*Petraia  cf.  patteiradialit,  Phill. 

Cephalopoda. 
Prolecanites  mixolohm^  Phill.,  sp.  *NomUmoeera8  tpirorbis^  Phill.,  sp. 

*        „  eompressus,  Sow.,  sp.  ^Pericyclus,  sp. 

Lamellibranchs. 
*Chmiocardiola  Footiiy  Baily,  sp. 
Brachxopoda. 
*Ch<mete8  Laffuesttana,  and  shells  either  crushed  or  varieties  alluded  to  hy  Vou 
Eoenen  as  C,  ^fiexa  and  C.  rectttpina,    *ProductH9  plicatusy  Sarres. 

♦Several  Radiolarla. 

The  species  marked  *  are  all  found  at  the  base  of  the  Pendleside 
series  in  the  BoUand  district  of  Yorkshire.  The  exact  locality 
where  Phillips  obtained  P.  mixolobus  is  unknown,  as  he  only  gives 
Bolland,  which  is  a  large  district  in  which  are  beds  belonging  to  the 
Carboniferous  Limestone,  Pendleside  series,  and  Millstone  Grit 

PalaaeiB  humilis,  says  Dr.  G.  J.  Hinde,  is  '*  fairly  common  in 
shale  or  mudstone,  associated  with  limestones  and  chert  exposed  on  the 
banks  of  the  river  Hodder,  below  Stoneyhurst  College,  Lancashire  ; 
according  to  Mr.  B.  H.  Tiddeman  the  rocks  ....  come  in 
between  the  Clitheroe  limestones  and  the  Pendleside  limestones." 
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This  18  80,  the  beds  forming  the  base  of  the  Pmiiileskle  series.    It 
ooonrs  in  the  Lower  Calm  only  in  beds  of  the  Ooddon  Hill  type. 

Chanoearddola  Footii  is  a  shell  always  associated  with  a  lower 
Pendleside  fanna  in  the  Midlands  and  Ireland ;  its  ooonrrenoe  in 
the  Lower  Oulm  of  Hannaford  qaarry  is  important.  Mr.  J.  G. 
Hamling  has  some  fragments  in  his  ooUeotion,  but  I  was  partioalarly 
fortunate  to  find  two  valves  in  the  trilobite  beds  of  Ibknnaford 
quarry.  In  my  monograph  on  British  Carboniferous  Lamellibranohs, 
vol.  i,  p.  476, 1  quoted  Coal-measures  as  the  horizon  for  this  speoies. 
I  think  Bosoliff,  oo.  Clare,  is  below  that  horizon,  and  should  be 
Pendleside  series. 

ProUcaniieB  eompresius, — Although  I  feel  strongly  the  value  of  this 
species  as  a  zonal  form,  there  is  no  doubt  that  it  is  not  absolutely 
confined  to  the  base  of  the  Pendleside  series,  for  it  oQOurs  in  the 
Carboniferous  Limestone  of  Little  Island,  oo.  Cork,  and  in  the  lower 
limeetones  of  Scarlett  Quarry,  Isle  of  Man.  Still,  there  is  a  definite 
and  well-defined  series  of  rooks,  of  no  very  great  thieknesa, 
immediately  at  the  base  of  the  Pendleeide  series,  which  is  characterised 
by  this  shell,  and  it  does  occur  below  shales  and  black  limestones 
with  PoMtdonomya  Beeheri, 

NoinismoeeraB  Bpirorbi$, — The  type  of  this  species  was  obtained 
from  the  Black  limestone  of  Black  Ebll,  BoUand,  Pendleside  series ; 
and  it  is  of  great  interest  to  note  that  the  strike  of  the  beds 
and  their  relation  to  the  Millstone  Orits  at  Black  Hall  would  make 
these  beds  below  a  series  quarried  at  Cold  Coates  which  contain 
P.  Beeheri  in  abundance. 

Perieyelua,  sp.  —  I  have  obtained  similar  examples  from  the 
Pendleside  series  of  Yorkshire  and  the  Lower  Culm. 

Trilobite».^Dr.  H.  Woodward  described  two  Trilobites  from  the 
base  of  the  Pendleside  series  (B.  Hodder,  Osol.  Mao.,  1894,  Dea  IV, 
Vol.  I,  pp.  481-489),  PhiUipeia  PoUeni  and  P,  Van-der-OraehHi. 
Subsequently  I  found  the  latter  associated  with  Proleeanite$  eompreeeue 
at  Ashbury  quarry,  Cheshire,  and  Dr.  H.  Woodward  recognises 
P.  PoUem,  though  with  some  hesitation,  in  the  cherty  beds  of  Goddon 
Hill  (QsoL.  Mao.,  1902,  Dec.  lY,  Vol.  IX,  p.  482).  It  is  important, 
however,  to  note  the  occurrence  of  species  of  Trilobites  at  the  horizon 
of  the  base  of  the  Pendleside  series  and  Lower  Culm,  the  majority 
of  which  do  not  occur  in  the  Carboniferous  Limestone. 

Braehiopcda. — There  is  no  very  important  evidence  afforded  by 
the  Braohiopoda  found  in  the  Lower  Culm  and  Pendleside  series. 
I  have  always  r^axded  the  varieties  of  Chonetee  occurring  in  the  Culm 
of  (Germany  and  described  under  different  names  to  show  no  greater 
difference  from  each  other  than  is  found  to  obtain  amongst  a  number 
of  individuals  collected  from  the  same  bed  and  horizon.  Certain 
species  of  Prodmetue  may  be  peculiar,  but  unfortunately  the  specimens 
are  not  well  Plough  preserved  to  say  whether  the  differences  are 
doe  to  dwarfing  and  crushing  or  to  specific  characters.  All  the  other 
Braohiopods,  3U€ina  m<tcia,  ZepUena  analoga,  Orihotete$  erenietriay 
Aihpie  ambigua,  occur  at  many  horizons  in  the  whole  Carboniferous 
teriee. 
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Badiolarian  rooks  also  are  foand  in  the  Pendleside  series.  There 
is,  therefore,  a  Tory  remarkable  and  olose  resemblance  in  the  faunas 
of  the  Ooddon  Hill  Beds  of  the  Lower  Culm  and  the  Pendleside 
series :  so  praotioally  identical,  indeed,  are  they,  that  there  can  be 
little  or  no  doubt  that  they  are  the  homotaxial  equivalents  of 
each  other. 

The  Venn,  ob  Ponidonomya  Becheri  Limestone. 

The  fauna  contained  in  the  black  limestones  of  North  Devon  is 
not  so  rich  in  species  as  that  of  the  Ooddon  Hill  Beds,  but  the 
following  species  are  abundant : — 

Ftiaidonontf/a  Beeheri,  Olyphioeertu  ttriatum, 

Ffeudamtuiumfibrilhtum,  ,,  tpharieum, 

Ofyphioeeras  spirale.  Orthoeertu  eylindraceum. 

'  „  erenistria. 

Plant  BEMAnrs :   Cordaites,  sp. 

Posidonomya  Becheri — I  only  recognise  one  species.  The  examina- 
tion of  a  large  number  of  specimens  has  convinced  me  that  the  forms 
P.  tuberculata  and  P.  lateralis  are  accidental,  due  to  conditions  of 
preservation  and  degree  of  flattening  by  compression. 

I  regard  P.  Becheri  as  an  important  zonal  form,  indicating  a  horison 
somewhat  above  that  of  P,  compressus,  I  have  found  this  zone 
constant  in  position  from  Old  Head  of  Einsale  in  the  south  of  Ireland 
to  Olavier  and  Yi86  in  Belgium.  The  zone  has  no  great  vertical 
depth,  and  I  am  unable  to  indicate  the  precise  thickness,  but  in  the 
Midlands,  beds  characterised  by  0.  $pirale  extend  some  hundreds  of 
feet  above  P.  Becheri. 

I  have,  as  in  the  case  of  Proleeanites  compressus,  found  specimens 
of  P.  Becheri  at  a  lower  horizon.  It  occurs  in  the  Toredale  series  of 
Wensleydale  above  the  Qreat  Soar  Limestone,  and  I  have  found  it 
actually  in  the  top  beds  of  the  Oarboniferous  Limestone  at  Oastleton, 
but  in  these  places  it  has,  with  it,  a  typically  Oarboniferous  Lime- 
stone fauna. 

At  Poolvash,  Isle  of  Man,  P.  Becheri  occurs  in  black  limestone 
and  shales,  which  succeed  the  shelly  white  upper  beds  of  the 
Oarboniferous  Limestone.     With  it  is  the  following  fauna : — 

Solenomya  eosUllata.  Olyphioeercu  erenistriay  and  a  crashed 

Orthoeeras  Mort^anum,  Cephalopod  which  Mr.  Crick  identifies 

„        iuleatum,  as  Stroboeeraa  tulcatum. 

I  have  not  been  able  to  get  at  the  beds  at  the  base  of  the  series, 
where  I  should  expect  to  find  Prolecanitee  compre$$u$  and  Trilobites. 
Some  curious  beds  containing  P.  Becheri  occur  at  Budle,  North- 
umberland, the  real  horizon  of  which  is  very  doubtful  and  vague. 

Ibslakd. 
In  00.  Dublin  the  Pendleside  series  succeeds  the  Oarboniferous 
Limestone  near  Sherries ;  at  the  former  horizon  P.  Becheri  is  found 
in  abundance.  At  Old  Head  of  Einsale,  south-west  of  Oork, 
P.  Becheri  occurs  in  hard  shaly  beds  in  a  curious  sequence  of 
shales  and  thin  indurated  calcareous  beds.  In  South- West  Oork, 
as  in  Devonshire,  the  Oarboniferous  Limestone  is  absent,  and  there  is 
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A  passage  from  Devonian  rocks  into  Oarboniferons  without  a  strati- 
^aphioal  break.  Curiously  enough,  beds  with  a  Devonian  fauna^ 
Cuctdlaa  unilateraUs  and  Ptyehopteria  Damnonienais,  whioh  in  Devon- 
Bbire  are  recognised  as  the  Oueullaa  beds  and  occur  below  the  Pilton 
Seds,  are  classed  as  Carboniferous  in  Ireland.  It  appears  to  me 
that  a  similar  sequence  occurs  in  both  South- West  Cork  and  Kerry 
and  Devonshire.  The  Coomhola  gritis  with  Cueullaa  unilatercUtB  and 
Piychopteria  DamnonieMts,  are  the  equivalents  of  the  Pickwell  Down 
and  Baggy  Point  Beds,  and  the  beds  with  P.  Becheri,  the  equivalents 
of  the  Venn  Limestone  series  of  the  Lower  Culm.  It  would  be  well 
if  stratigraphical  lines,  based  on  palsdontology,  were  identical  in 
the  two  countries.  The  fauna  of  the  Coomhola  grits  is  typically 
Devonian,  and  not  Carboniferous.  The  absence  of  Carboniferous 
Limestone  in  North  Devonshire  and  further  west  along  the  line  of 
strike,  at  Old  Head  of  Einsale  and  the  part  of  Ireland  west  of  that 
point,  shows  that  this  absence  in  both  localities  is  due  to  the  same 
conditions  of  deposit.  The  succession  in  both  countries  is  the  same. 
Devonshibb.  South-West  Ireland* 

Lower  Culm        P(»M^(momya  beds,  Pendleside  series. 

The  absence  of  Carboniferous  Limestone  in  both  areas  is  very 
definite,  and  the  recognition  that  the  sequence  in  North  Devon  and 
South- West  Ireland  is  identically  the  same  not  only  broadens  the 
question,  but  at  the  same  time  demonstrates  that  the  Culm  of 
Devonshire  is  not  merely  a  local  condition,  and  that  the  absence  of 
Carboniferous  Limestone  in  South- West  Cork  and  in  the  Carboniferous 
series  of  Devonshire  is  due  to  the  same  series  of  causes. 

Pseudamusium  fibrilloBum,  —  This  species  is,  as  far  as  I  know, 
never  found  below  the  Pendleside  series,  but  it  passes  up  into 
Coal-measures.  This  is  an  important  species,  because  it  has  been 
obtained  from  the  Culm  of  Herbom  and  Magdeburg.  For  the 
synonymy  of  this  species  vide  my  monograph  on  British  Car* 
boniferous  Lamellibranchs,  vol.  ii,  p.  106. 

OlypMoeeras  $pirale. — This  species  is  very  plentiful,  occurring  in 
thousands,  in  a  blackish  shale  about  500  feet  below  the  third  grit 
at  Congleton  Edge,  Cheshire.  I  have  found  it  at  various  other 
localities  in  Yorkshire,  but  I  always  consider  that  it  denotes  a  zone 
higher  up  in  the  series  than  that  of  P.  Beeheri,  The  species  appears 
to  be  more  common  in  South  Devonshire  than  in  the  north  of  the 
country,  and  I  can  say  nothing  definitely  about  its  actual  position  in 
the  series  there,  but  it  is  stated  that  it  occurs  with  Posidonomya, 
Ussher,  **  British  Culm  Measures,"  Somerset  Arch,  and  Nat  Hist 
See.,  vol.  xxxviii  (1892),  p.  132;  he  says,  "The  Poaidonomya  in 
these  beds  are,  as  a  rule,  smaller  than  those  occurring  in  the  beds 
which  in  the  Chudlei^h  and  Bovey  Traoey  districts  carry  on  the 
calcareous  horizon."  In  Cheshire  0.  $pirale  occurs  with  Posidonielkt 
liBvis.  The  other  Qoniatites  found  in  the  Beeheri  beds  are  not  typical 
of  the  horizon,  for  they  occur  at  various  horizons  in  the  Carboniferous 
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Limestone  series,  but  are  specially  plentifol  in  the  upper  shelly 
limestone  of  Derbyshire,  Stafiordshire,  and  Yorkshire. 

Palsdontological  evidence  is  therefore  decidedly  strong  in  favour 
of  the  PoBtdonomya  Beeheri  beds  overlying  the  Coddon  Hill  Beds, 
especially  when  such  a  sequence  of  fossil  zones  is  found  to  obtain 
over  large  areas  at  a  distance. 

The  occurrence  of  flinty  deposits  at  a  definite  horizon  in  the 
Carboniferous  beds  may  be  adduced  for  what  it  is  worth.  In 
Wensleydale  the  chert  beds  oome  on  immediately  on  the  top  of 
the  Toredale  series.  In  Derbyshire  and  Yorkshire  the  chert  horizon 
is  found  at  the  base  of  the  Pendleside  series.  At  Bishopton,  near 
Cbwer,  a  series  of  white  cherty  beds,  containing  Trilobites  and 
Brachiopoda,  occur  on  the  top  of  the  upper  beds  of  the  Oarboniferou» 
Limestone,  the  Oystermouth  Beds.  The  cherty  beds  are  here  overlain 
by  black  shales,  with  Fondoniella  lavis  and  Olyphioceras  hilingugy 
fossils  which  occur  low  down  in  the  Pendleside  series.  These  cherty 
beds  are,  I  believe,  homotaxial  with  the  Coddon  Hill  Beds.  Similar 
cherty  beds,  but  much  less  well  developed,  are  to  be  seen  at  Clavier, 
near  Dinant,  in  Belgium,  where  a  typical  lower  Pendleside  fauna, 
Proleeanites  eompre$iu$  and  Chanoeardiola  Footii,  etc.,  is  obtained 
The  beds  at  Clavier  rest  in  hollows  in  the  Carboniferous  Limestone, 
and  are  therefore  on  the  horizon  of  the  Pendleside  series,  a  fact 
which  cannot  be  doubted  if  the  collection  of  fossils  made  by  the 
(Geological  Survey  of  Belgium,  and  now  placed  in  the  Musee  Royale 
at  Brussels,  is  examined.  I  was  enabled  by  the  kindness  of  Professor 
Dupont,  Director  of  that  Museum,  to  study  all  the  fossils  collected 
from  Clavier,  and  I  identified  the  following.  It  was,  however,, 
impossible  for  me  to  determine  in  what  position  they  occurred  in  iiUky, 
but  it  is  doubtless  on  record. 

FhilKpni,  sp.,  with  long  cheek  spines.       OrthoeeraSy  0p. 

FseudamuttHmJibriUotum.  ProUeaniUt  eompre$aus. 

Fmdoniella  kei^,  Glyphiootrtu  hilmgtte, 

Fotidofwmya  memhratuMa,  O^phioeerat  apirule, 

Fter<m%te9  anguttatus.  ?  O,  diadema, 

Chtmoeardiola  Footii,  CaUmautiltu  ttUeattu. 

Athyr%9  ambigua.  Zettraeanthua  Befriehii, 

ChoneU*  LaguMtiana.  Crinoid  joints. 

FroductM  scabrieulut.  Plant  remainn. 
Froductm  tmnireticHlattu. 

And  from  shales  at  Vis^  I  determined 

PotidoHomfa  Beeheri. 
Ptermopeotm  papymeetu, 
Fotid^mella  livis. 

Whether  or  not  the  Coddon  Hill  Beds  are  below  the  Fosidonomya 
limestones,  it  cannot  be  denied  that  the  palsdontological  evidence 
shows  that  the  Lower  Culm  is  the  homotaxial  equivalent  of  the 
Pendleside  series,  and  that  the  Instow  Beds  indicate  Lower  Coal- 
measures,  and  the  Carbonieda  acuta  and  plant  beds  near  Bideford 
represent  Coal-measures  of  a  higher  horizon.  The  Culm  series,  then, 
represents  the  whole  Upper  Carboniferous  series  of  the  Midlands, 
and  in  this  case  the  idea  of  workable  ooal  being  found  in  Devonshire 
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ie  Yory  improbable.  It  seems  to  me  that  the  beds  of  Oulm  represent 
the  total  result  of  the  attempt  to  form  ooal,  and  nothing  more  is  to 
4>e  hoped  for.  The  views  expressed  in  this  paper  are  the  restdt 
of  a  profound  belief  in  the  value  of  oertain  Oarboniferous  fossils  as 
2onal  indices,  based  on  oareful  observation  in  the  Midlands.  The 
zones  are  not  quite  so  well  defined  as  those  which  obtain  in  older 
and  newer  formations,  a  result  probably  due  to  conditions  of  deposit, 
but  nevertheless  I  find  these  life  zones  to  be  of  economic  importance 
to  the  mining  engineer. 

A  paper  in  the  Gboloqioal  Magazine  for  June  by  Dr.  J.  H. 
Parkinson,  pp.  272-276,  on  ''  The  Zoning  of  the  Culm  in  South 
Oermany,''  is  of  interest,  because  from  an  examination  of  the  fauna 
of  the  Culm  of  Eonigsberg  he  arrives  at  the  conclusion  that  this 
Oulm  with  a  Visd  Limestone  fauna  lies  above  the  Poaidonamya  shales 
•of  Herbom. 

This  is  very  improbable.  The  Herbom  fauna  is  identical  with 
that  which  is  found  in  the  Pendleside  series  of  England,  which  is 
definitely  known  to  succeed  beds  with  a  Vise  limestone  or  a  Productus 
^ganieua  fauna.  At  Vise  also  shales  with  P.  Becheri  succeed  the  Yis6 
Limestone,  and  lastly  the  Toumai  Limestone,  to  which  Dr.  Parkinson 
refers  the  Poiidonomya  beds  of  Herbom,  does  not  contain  the  fauna 
^sharacteristic  of  the  Lower  Culm,  but  has  an  altogether  different 
-assemblage  of  fossils.  Judging  from  the  fauna  of  Eonigsberg  Culm, 
I  think  he  is  quite  correct  in  referring  the  beds  to  the  Vise  horizon, 
but  beyond  that  I  beg  to  join  issue  with  his  conclusions. 

Through  the  kindness  of  Dr.  H.  Woodward  I  have  been  favoured 
with  the  precis  of  Mr.  Newell  Arbor's  paper  on  '*  The  Fossil  Flora 
^f  the  Culm  Measures  of  North- West  Devon,"  read  before  the  Royal 
Society  on  June  9th.  This  paper  conclusively  proves  from  the 
evidence  of  the  flora  that  **  the  horizon  in  the  Upper  Carboniferous 
represented  by  that  portion  of  the  Upper  Culm  Measures  in  which 
the  Coal  or  Culm  occurs  in  the  Bideford  district  is  equivalent  to  the 
Middle  Coal-measures  in  other  British  coalfields."  That  this  is  so 
I  have  also  attempted  to  demonstrate  by  the  known  presence  of 
Carbonicola  acuta  at  Bideford,  and  a  Gannister  or  Lower  Coal-measure 
fauna  at  Instow. 

I  greet  this  work  of  Mr.  Newell  Arber  with  delight,  because  it 
tends  to  prove  the  subject-matter  of  this  paper  from  an  entirely 
different  point  of  view. 


IV. — Note  on  the  Cobbblatiok  of  some  Cornish  Beds  with  the 
Gedimnian  of  Continental  Europe. 

By  Uppield  Green,  F.G.S. 

f  pHE  group  of  beds  which  I  propose  to  identify  and  correlate  with 
JL  those  known  in  France,  Germany,  and  Belgium  by  the  name  of 
*  Gedinnien,'  forming  the  lowest  member  of  the  Devonian  system, 
extends  in  its  full  development  from  the  Lizard  peninsula  in  the 
west  to  Gorran  and  St  Austell  on  the  east,  and  thence  to  near 
N'ewquay  on  the  north.    The  upper  beds,  at  least,  may  be  traced 
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through  Fowej  and  Looe  along  the  ooast,  and  across  the  Start 
peninsula  as  far  as  Babbaoombe,  south  of  Dartmouth  in  Devonshire. 
They  are  referred  to  by  Ussher  ^  as  '  Dartmouth  Slates.'  They  exist 
also  on  the  north  of  the  Devonian  basin,  and  are  mentioned  by 
Etheridge  *  as  underlying  the  Lower  Devonian. 

Reference  has  of  course  been  made  to  them  by  various  English 
authors,  but  few  have  attempted  to  assign  to  them  a  de&iite 
stratigraphical  position,  and  fewer  still  have  studied  them  in  detail 
or  made  any  investigation  of  the  Oontinental  equivalents  occupying 
a  similar  position  in  the  Devonian  series. 

LlTKBATUBE. 

The  earliest  reference  I  can  find  is  by  Berger'  in  1811,  the  next 
by  Sedgwick*  in  1821-2,  who  was  followed  by  Conybeare*  in  1823. 
In  1832  Boase  *  published  an  exhaustive  petrological  description  of 
the  district  (according  to  the  light  of  that  time),  founded  on  no 
less  than  1,085  specimens  deposited  in  the  Museum  of  the  Boyal 
Geological  Society  of  Cornwall,  with  a  series  of  sections.  He  also 
attempted  an  extension  of  the  hitherto  accepted  nomenclature  of 
the  components  of  the  rocks  (pp.  369-425  of  his  paper),  which  he 
termed  *Ocrynian.' 

In  1838-40  Sedgwick  and  Murchison,'  De  la  Beche,*  and  the 
Itev.  D.  Williams  *  made  the  first  serious  attempts  at  unravelling  the 
structure  of  the  county,  while  T.  Weaver  *°  commenced  a  comparison 
with  Continental  areas.  Since  then  no  comprehensive  description 
has  appeared,  but  isolated  papers  may  be  found  in  the  Proc.  Boy. 
G^eol.  Soc.  Cornwall,  Boy.  Inst.  Cornwall,  and  the  Quart.  Journ. 
Geol.  Soc.  London,  by  J.  H.  Collins,  1872-1903,  Howard  Fox, 
1885-1903,  and  others. 

Collins  "  considered  the  whole  of  the  beds  at  the  extreme  south- 
west of  the  county,  from  Penhale  to  Breage,  as  pre-Silurian ;  a  small 
strip,  extending  from  Penhale  to  the  Van  and  St.  Austell,  and  the 
area  south  of  Porthmellin  and  Gwennap  to  Mullion  and  Porthalla, 
as  Lower  Silurian;  Newquay  and  Ladock  and  a  small  extent  of 
ground  on  the  coast  to  the  north  of  Porthalla  as  'Ladock  beds'^ 
Upper  Silurian.  For  a  comparison  of  the  northern  exposures  in 
Devonshire  with  other  areas,  Sharp,  Quart.  Joum.  Geol.  Soc..  ix 
(1853) ;  Jukes,  Quart.  Joum.  Geol.  Soc.,  xxii  (1866),  and  Additional 

*  Summan-  Progress  Geol.  Survey,  1902,  pp.  160-165. 
2  Quart.  Journ.  Geol.  Soc.,  xxiii  (1867),  p.  586. 

5  Trans.  Geol.  Soc,  i,  p.  93. 

*  Trans.  Cambridge  Phil.  Soc.,  i,  pp.  89,  291. 
^  Annals  Phil.,  ser.  n,  v,  p.  184,  and  n,  p.  35. 
«  Trans.  Geol.  Soc.  Cornwall,  iv,  pp.  234-264. 
'  Trans.  Geol.  Soc.,  ser.  n,  t,  p.  633. 

^  Geol.  Survey. 

»  Proc.  Geol.  Soc.,  iii,  pp.  115  and  158 ;  and  Phil.  Mag.,  ser.  iii,  xvi,  pp.  59-64. 
10  Phil.  Mag.,  ser.  m,  xvi,  pp.  59-64. 

"  Joum.  Roy.  Inst.  Cornwall,  vii  (1881),  p.  37,  and  Trans.  Roy.  Geol.  Soc. 
Cornwall,  x  (2),  1880,  p.  51. 
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Notes  (Dublin,  1867);  Etheridge,  Quart  Joura.  Qeol.  Soo.,  xziii 
(1867) ;  and  Hull,  Geol.  Mao.,  Deo.  II,  Y,  may  be  oonsnlted. 

'Gkdinmisn'  of  the  Continent. 

These  beds  have  been  desoribed  by  many  eminent  geologists  in 
their  respective  countries.  Among  them  may  be  mentioned  Oosselet 
and  Barrois  in  Fi*anoe ;  Dumont,  Dewalque,  and  Malaise  in  Belgium ; 
Yon  Deohen,  Eooh,  Eayser,  Holzapfel,  Rothpletz,  and  Lossen  in 
Germany.  To  Professors  Gosselet,  Barrois,  Kayser,  and  Holzapfel 
I  am  gratefully  indebted  for  personal  guidance  and  much  information. 

Speaking  generally,  the  beds  oomprised  in  the  Continental 
Gedinnien  in  descending  order  are  as  follows : — 

1.  Slates,  mostly  variegated  and  phyllitic,  underlying  the  '  Taun- 
usian,'  with  fish  remains  either  in  the  base  of  the  latter  or  in  the 
slates  themselves. 

2.  Arkose  or  Felspathic  Grits,  locally,  and  more  especially  on  the 
sooth  border  (Taunus,  etc.),  sericitio  and  metamorphous. 

8.  Conglomerates  with  pebbles  of  more  ancient  rocks  in  a  felspathio 
and  quartzose  matrix.  These  conglomerates  seem  to  follow  the 
sinuosities  of  the  old  coastline,  and  only  appear  intermittently  in 
their  original  form,  being  as  a  rule  much  altered  by  hydrothermal 
action  induced  by  pressure  and  folding.  The  latter  subject  has  been 
treated  at  great  length  by  Lessen.^ 

A  comparison  of  this  description  with  that  given  by  HulP  of  the 
Dingle  and  Glengariff  Grits  of  Ireland  may  be  of  interest.  He 
records — 

1.  Conglomerate. 

2.  lied  and  green  grits. 

3.  Purple  slates  passing  unconformably  below  the  (?  Lower)  Old 
Bed  of  Cork.  And  he  suggests  that  the  Foreland  group  of  North 
Devon,  of  which  the  base  is  not  seen,  described  by  Jukes ^  as  "thick 
massive  grits  of  green  and  red  colour,  with  purple  slates  similar 
to  many  parts  of  the  (?  Lower)  Old  Red  of  the  south-west  of 
Ireland,"  corresponds  with  these  grits. 

The  Cobnish  Gedinnian. 

Turning  now  to  the  Cornish  beds,  and  commencing  east  at  Looe, 
where  the  variegated  slates  of  the  Upper  Gedinnian  are  in  undoubted 
apposition  to  the  beds  referred  to  by  Collins^  as  Upper  Silurian, 
and  by  Ussher  ^  inadvertently  as  '  Gedinnien,'  but  which  I  consider 
are  undoubtedly  Taunusian  of  the  '  Siegener  Grauwacke '  facies,  as 
evidenced  by  the  following  typical  fossils  found  by  myself  and 
others : — 


1  Z.  deutsch.  Geol.  Ges.,  1867,  1877,  1883. 

'  Gbol.  Mao.,  Dec.  II,  V  (1878),  p.  629. 

'  Additional  Notes  (Dublin,  1867). 

*  Journ.  Roy.  Inst.  Cornwall,  viii  (1884),  p.  167. 

»  Summary  of  Progress  Geol.  Surrey  for  1900. 
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appearance  and  oomposilion  throaghout  their  length.  The  oon* 
stituent  detritus  at  Ladock,  Trevalsa,  and  Pentaan  is  as  large  as 
peas  or  nuts."  De  la  Beohe  also  refers  to  these  beds^  flank^  by 
the  slates  of  St.  Stephens  and  Probus  respectively  north  and  south 
of  them. 

The  main  southern  mass  of  these  grits  passes  from  Mevagissey, 
Oorran,  Caerhayes,  Portholland,  north  of  Portlooe  and  Came  to 
Treworlas,  from  which  point  it  has  been  traced  and  described  by 
fiill '  as  Porthscatho  beds,  south  of  Falmouth  by  Helford  to  Looe 
Pool  and  Helston. 

The  succeeding  lower  beds  have  been  described  by  the  same 
author  under  the  name  of  '  Yeryan  Beds/  and  he  includes  in  them 
apparently  the  coarse  conglomerates  which  I  consider  to  be  the  base 
of  the  Gedinnian  and  corresponding  to  the  base  of  the  Devonian 
system  on  the  Continent 

The  discovery  of  fossils  of  Ludlow  age  in  the  Caerhayes  limestone, 
^referred  to  in  the  Gbologioal  Maqazinb  for  July,  1904,  tends  to 
confirm  this  view.  The  unconformity  of  these  conglomerates  with 
the  underlying  rocks  would  appear  probable  from  the  included 
fragments  of  similar  slates  and  quartzites.  The  junction  of  the 
Gedinnian  with  the  underlying  beds  seems  to  be  in  many  instances 
accompanied  by  pillow-lavas,  a  note  on  which  will  be  given  by 
Mr.  Prior  later  on. 


V. — NoTB  ON  Actinocamax,  Millbb  ;   its  Identity  with 
Atbactilites,  Link. 

By  G.  0.  Crick,  Assoc.  R.S.M.,  F.G.S.,  of  the  British  Museum  (Natural  History). 

IN  a  paper  entitled  ''Observations  on  Belemnites,"  which  was 
communicated  to  the  Geological  Society  of  London  in  April, 
1823,^  J.  S.  Miller  defined  the  genus  Belemnites  thus : — ''  A  cepha- 
lopodous?  molluscous  animal  provided  with  a  fibrous  spathose 
conical  shell,  divided  by  transverse  concave  septa  into  separate 
cells  or  chambers  connected  by  a  siphuncle;  and  inserted  into 
a  laminar,  solid,  fibrous,  spathose,  subconical  or  fusiform  body 
extending  beyond  it,  and  forming  a  protecting  sheath."  In  May 
of  the  same  year  Mr.  Miller  contributed  to  the  same  Society 
another  paper  ^  in  which  he  instituted  the  genus  Aciinocamax  for 
''spathose  bodies  which  resemble  the  belemnitic  guard  in  general 
appearance,  but  are  distinguished  from  it  by  presenting,  instead  of 
the  terminal  cavity  intended  for  the  reception  of  the  chambered 
shell,  a  protruding  and  convex  base." 

Miller  defined  the  genus  in  the  following  words: — "A  club- 
shaped  spathose  concretion,  consisting  of  two  nearly  equal  longi- 
tudinal adhering  portions.  Apex  pointed  ;  base  a  convex  but 
obtuse  cone.    The  whole  foroaed  of  a  series  of  enveloping  fibrous 

»  Report  on  Cornwall,  1839,  p.  83. 
'  Trans.  Roy.  Geol.  Soc.  Cornwall,  adi  (6),  1903,  p.  406. 
»  Trans.  Geol.  Soc.,  ser.  n,  vol.  ii,  pt.  1  (1826),  pp.  46-62. 
*  Ibid.,  pp.  63-67. 
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lamiDse."  The  only  speoies  mentioned,  A,  verus,  is  characterized 
as  follows : — '<  A  club-shaped  spathose  semitransparent  horn-coloured 
concretion  ;  base  convex,  obtuse,  conical ;  apex  snbmamillar.  Sidee 
depressed  towards  the  lower  end,  showiug  two  longitudinal,  towards 
the  apex  branching,  impressions  of  blood-vessels."  This  was  stated 
to  be  from  the  *' Chalk,  and  sometimes  inclosed  in  the  flints  imbedded 
in  it,"  of  Kent,  Wiltshire,  and  Sussex. 

Although  subsequently  united  by  some  authors  with  the  genus 
BelemniteUa  and  by  others  merged  in  the  genus  BelemniteBt  Aetino- 
camax  is  now  usually  employed  as  a  distinct  genus  to  include  certain 
belemnites  from  the  Chalk. 

Mr.  C.  D.  Sherborn  has,  however,  called  my  attention  to  H.  F. 
Link's  "  Beschreibung  der  Natural ien-Sammlung  der  Universitat  zu 
Bostock,"  of  which  the  third  part,  published  25th  December,  1807, 
is  devoted  to  "  Fossile  Ueberbleibsel  organischer  Eorper,  sogenannte 
Yersteinerungen."  After  defining  (p.  8)  the  genus  Betemnites  as 
'*a  conical,  internally  radiate  crystalline  shell,  within  which  is^ 
found  another  many-chambered  (the  alveolus)," '  Link  proceeds  to 
describe  (p.  9)  a  new  genus  Atractilitet  thus  : — ' "  A  spindle- 
shaped,  internally  radiate  crystalline  shell,  without  alveolus,"  the 
only  species  given  being  A.  belemniticus,  respecting  which  he  states : 
''the  spindle-shaped  Belemnites  are  quoted  by  many  authors,  but 
often  confounded  and  not  exactly  described.  We  possess  specimens 
completely  pointed  at  each  end.  On  one  there  are  distinct  traces 
of  a  foliaceous  texture,  in  other  respects  they  are  quite  similar  to 
the  usual  Belemnite.  I  have  broken  a  specimen  and  found 
internally  the  radiate  structure  of  the  Belemnite,  but  absolutely  no 
alveolus,  therefore  they  cannot  be  referred  to  the  former  genus" 
[^Belemnites], 

From  the  extracts  given  above  it  is  quite  clear  that  Miller's 
Actinoeamax  is  a  synonym  of  Link's  Atractilitea.  Link's  name  has 
priority  of  publication,  his  work  having  been  published  in  1807, 
whilst  Miller's  paper  was  not  read  before  1828,  and  not  published 
before  1826.  The  name  must  not,  however,  be  confounded  with 
the  Belemnoid  genus  Atraetitea  of  GUmbel'  from  the  Lower  Liaa 
and  Upper  Trias. 

^  The  term  *  alveoIuB '  \s  here  used  for  the  chambered  part  of  the  shell,  but  this  i^ 
now  known  as  the  phragmocone,  the  term  '  alveolus '  being  applied  to  the  conical 
cavity  in  the  guard  tnat  receives  the  phr^^ocone. 

*  As  Link's  work  is  very  rare  we  have  thought  it  advisable  to  give  the  description 
in  Link's  own  words ;  it  is  as  follows : — 

**  Atractilites.  Atractilit.  £ine  spindelformige,  inwendig  strahlig  krystallisirte 
Schale,  ohne  Alveole. 

**A.  beUinniticus,  Belemnitischer  Atr.  Die  spindelformi^en  Belenmiten  werden 
von  vielen  Schriftstellem  angefuhrt,  aber  oft  verwechselt  und  mcht  genau  beschrieben. 
Wir  beeitzen  an  beiden  Enden  vollig  zugeepitze  Exemplare.  An  dem  einen  bemerkt 
man  deutliche  Spuren  einer  blattri^en  Textur,  sonst  sind  sie  den  ^wohnlichen 
Belenmiten  ^nz  ahnlich.  Ich  habe  ein  Stuck  zerschlagen  und  mwendig  die 
Btrahlige  Bildung  der  Belenmiten  aber  durchaus  keine  Alveole  gefunden,  daher  man 
sie  nicht  zu  der  vorigen  Gattung  bringen  kann.'* 

'  C.  W.  Giimbel :  *<  Geognoetische  Beschreibung  des  bayerischen  Alpengebirges,'* 
etc.,  1861,  p.  475. 
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Some  of  the  forms  that  are  referred  to  the  genus  Aettnoeamax  do 
not  exhibit  the  coDvex  alveolar  end  referred  to  by  Miller ;  a  short 
explanation  may  therefore  perhaps  be  of  interest. 

The  form  of  the  alveolar  end  of  the  guard  in  this  genus  depends 
upon  the  forward  extent  of  the  oaloification  of  the  component  layers 
of  the  guard.  All  the  speoies  of  Actinoeamax  possessed  phragmooones . 
In  the  typioal  form  A.  veru8  the  alveolar  end  is  convex  or  more  or 
less  oonioal,  the  apex  of  the  cone  being  sometimes  occupied  by 
a  minute  rounded  shallow  depression,  indicating  the  position  of  the 
protoconch  or  commencement  of  the  phragmocone.  During  the 
growth  of  the  guard  the  alveolar  portion  of  each  component  layer 
remained  uncaloified,  the  extent  of  the  uncalcified  portion  increasing 
with  each  successive  layer  (see  Fig.  a).  Consequently,  when 
during  fossilization  the  uncalcified  portion  decayed  and  was  lost, 
the  phragmocone  became  detached,  and  the  alveolar  end  of  the 
guard  assumed  a  convex  or  pyramidal  form. 


Diagram  of  longitudinal  sections  of  different  forms  of  Actinoeamax,  The  dotted 
lines  indicate  the  uncalcified  part  of  the  guard  that  is  lost  during  fossilization. 
o,  typical  form,  A.  verm;  i,  A,  granulaUts;  <?,  A,  quadratun. 

If  during  the  growth  of  the  guard  the  alveolar  portion  of  each 
component  layer  remained  uncalcified,  whilst  the  extent  of  the 
uncalcified  portion  gradually  increased  with  each  successive  layer, 
but  much  less  rapidly  than  in  the  typical  form,  then  the  fossilized 
portion  of  the  guard  would  have  a  conical  hollow  alveolar  end 
(Fig.  h)  having  an  angle  greater  than  that  of  the  alveolus  or  of 
the  phragmocone.     Such  a  form  is  A,  granulatua. 

Again,  if  the  earlier  (inner)  layers  of  the  guard  were  completely 
calcified,  and  the  rest  remained  uncalcified  in  the  neighbourhood 
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of  the  alveolus,  whilst  the  extent  of  the  unoalcified  part  increased 
with  each  saooessive  layer,  but  less  rapidly  than  in  the  typioal  form, 
then  the  removal  of  the  uncaloified  portion  during  fossilization 
would  produce  a  guard  having  a  more  or  less  funnel-shaped  alveolar 
end  (Fig.  c),  of  which  the  apical  or  posterior  portion  only  would 
form  part  of  the  alveolus,  whilst  the  anterior  part  of  the  cavity 
would  have  a  greater  angle  than  that  of  the  alveolus  or  of 
the  phragmooone.  This  form  of  alveolar  end  is  illustrated  by 
A.  quadraiua} 

It  may  also  be  noted  that  the  alveolar  end  is  frequently  less 
dense  and  more  friable  than  the  rest  of  the  guard,  having  probably 
been  originally  less  perfectly  calcified ;  it  is  therefore  easily  broken, 
causing  the  alveolar  end  to  present  the  foliaceous  appearance  by  no 
means  uncommonly  found  in  A.  quadratue. 

It  would  therefore  seem  that  during  the  progress  of  development 
oalcification  of  the  alveolar  end  extended  further  and  further 
forward,  producing  a  progressive  deepening  of  the  alveolar  cavity. 
This  course  of  development  is  indicated  also  by  the  observations  of 
Dr.  Rowe,'  who  points  out  that  in  the  examples  which  he  refers  to 
A.  grantdatoM  there  is  a  progressive  deepening  of  the  alveolar  cavity 
as  the  Belemnite  ascends  in  the  zone. 


VI.— Thb  Dbsobiptive  Nohbnolatubb  of  Bipplb-mabk. 
By  A.  R.  Hunt,  M.A.,  F.G.S. 

OVER  twenty  years  ago,  in  1882,  I  ventured  to  controvert 
a  doctrine  which  was  at  the  time  maintained  with  remarkable 
unanimity  by  all  geologists,  and  which  was  taught  in  all  the  current 
textbooks.  It  was  that  the  ordinary  ripple-mark  of  the  seashore 
was  formed  by  continuous  water-currents  of  some  kind ;  the  current 
of  water  taking  the  place  and  performing  the  office  of  the  current  of 
wind  which  ripples  the  surface  of  sand-dunes. 

As  it  was  a  question  of  authority  and  textbooks  I  ventured  to 
join  issue  with  those  of  perhaps  the  gi-eatest  weight,  viz.,  the 
series  of  which  several  editions  were  published  by  Mr.  Jukes  and 
Sir  Archibald  Geikie.  I  stated  my  tbesis,  and  the  object  of  my 
paper,  in  the  following  plain  words  : — 

''  I  shall  endeavour  in  the  present  paper  to  prove  that  ripple-marks 
formed  under  water  are,  as  a  rule,  completely  independent  of  the 
rise  and  fall  of  tides,  of  tidal  currents,  and  of  sea  beaches ;  and  that 
they  have  little  in  common  with  the  current-mark,  that  owes  its 
origin  to  a  continuous  current  of  air  or  of  water  "  (Proc  Roy.  Soa, 
1882,  p.  2). 

*  This  is  the  type-species  of  Bayle*8  Oonicteuthit.  Explication  de  la  carte 
e^ologique  de  la  France,  publiee  par  ordre  de  M.  le  Ministre  des  travaux  publics, 
Tome  quatri^me,  Atlas,  Premiere  partie— Fossiles  principaux  des  terrains,  E.  Bayle, 
1878,  pi.  xxiii,  tigs.  6-8. 

*  Proc.  Geol.  Assoc.,  vol.  xriii,  pt.  4  (1904),  p.  271,  fig.  12. 
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lo  my  leoapitulalion  I  wrote,  "  Marine  ripple-marks  are  formed  by 
«Jteniate  currents  set  up  by  waves"  (Proa  Boy.  800.,  1882,  p.  18). 

Jn  1883  three  very  important  papers  were  published  on  the 
sobjeot  by  MM.  De  Gandolle  and  Forel  and  by  Professor  G.  H. 
X>arwin,  F.B.S.  Thus,  in  March,  1884,  less  than  two  years  after 
the  poblication  of  my  own  pioneer  paper,  I  was  able  in  a  paper  on 
Sea  Beaches  and  Sea  Bottoms  to  direct  the  attention  of  students  of 
wave*action  to  the  three  important  papers  referred  to  above,  and 
also  to  some  earlier  observations  of  Professor  Forel  published  in  the^ 
:BuUs(»h  de  la  SociiU  Vaudaiae,  etc.,  for  February  uid  March,  1878. 
The  last-named  publications  give  Prof.  Forel  the  right  of  priority 
so  far  as  wave-onrrent  ripple-mark  is  oonoerned. 

Professor  Darwin  went  further  than  any  previous  experimenter 
by  demonstrating  the  action  of  eddies  and  vortices  in  collecting 
loose  sand  into  ripple-mark,  as  soon  as  the  incipient  ripple-marks 
are  established.  Previous  observers  had  indicated  the  agents,. 
viz.  wave -currents,  but  Professor  Darwin  demonstrated  their  mode 
of  aotion. 

As  soon  as  the  above  papers  appeared  Sir  Archibald  Greikie 
allowed  them  their  full  weight,  as  will  appear  by  a  comparison 
of  the  third  and  fourth  editions  of  his  textbook  with  earlier  works. 
For  instance,  to  be  as  brief  as  possible,  in  the  Manual  of  1872^ 
(Jukes  &  Geikie)  we  read  : — Bipple-mark  '*  is  produced  on  the 
sea-beach  ....  because  of  the  moving  current  of  water  a» 
the  tide  advances  or  recedes"  (p.  192). 

Id  Sir  Archibald's  first  edition  of  his  Textbook  we  read : — 
**  Water  (or  air)  gently  agitated  in  a  given  direeUon  [italics  mine] 
throws  the  surface  of  sediment  into  ripples.  ^  .  •  Their 
general  direction  .  .  .  suffices  to  indicate  the  quarter  whence 
the  chief  movement  of  the  water  has  come"  (p.  483). 

In  the  Textbooks  of  1893  and  1903  there  is  a  complete  revolution. 
We  now  read :  "  They  have  been  produced  by  an  oscillation  of  the 
medium  (water  or  air)  in  which  the  loose  sand  has  lain.  In  water 
an  oscillatory  movement,  sometimes  also  with  a  more  or  less  marked 
current,  is  generated  by  wind  blowing  on  its  surface.  The  sand 
grains  are  carried  backwards  and  forwards.  By  degrees  inequalities 
of  surCMe  are  produced  which  give  rise  to  vortices  in  the  water. 
.  .  .  .  In  regular  ripple-mark  the  forms  are  produced  by  water 
osoiUating  relatively  to  the  bottom  and  the  consequent  establishment 
of  a  series  of  vortices." 

No  one  without  a  minute  study  of  ripple-mark  could  appreciate 
the  extreme  accuracy  of  phraseology  and  description  in  the  above 
few  lines.  I  may,  however,  remark  that  the  'alternate  currents/ 
for  whioh  I  contended  single-handed  in  1882,  are  the  actual  currents 
in  opposite  directions  set  up  by  waves,  and  not  the  reversal  of  the 
direction  of  a  steady  current  of  wind  or  water  created  locally  by 
vortices. 

I  need  scarcely  express  my  deep  sense  of  gratitude  to  Sir  Archibald 
Geikie  for  having  so  promptly  recognised  the  importance  of  very 
unorthodox  doctrines  at  a  time  when  it  was  almost  impossible  to- 
obtain  a  patient  hearing  for  them  in  England. 
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In  ihe  present  article  I  propose  to  call  attention  to  the  extreme 
ambiguity  of  the  phraseology  in  common  use  in  the  discussion  of 
■sand-ripples  and  cognate  phenomena. 

With  reference  to  the  meaning  of  'breadth'  and  'amplitude' 
a  distinguished  mathematician  writes,  **  I  cannot  regard  these 
questions  of  phraseology  of  much  importance."  It  no  doubt  matters 
nothing  when  the  ideas  are  dear,  but  I  feel  sure  that  inaccurate  or 
inadequate  terms,  and  especially  when  they  are  avowedly  desoriptiye 
terms,  must  end  in  confusion  of  thought. 

In  the  case  of  'ripple-mark,'  Sir  Archibald  (}eikie  summarily 
disposes  of  the  difficulty  by  rejecting  all  such  expressions  as  '  current- 
mark  '  and  '  ripple-drift,'  which,  though  accurate  as  far  as  they  go, 
are  calculated  to  mislead.  Both  expressions  might  lead  the  reader 
to  suppose  that  ripple-mark  can  only  be  produced  by  the  drifting 
action  of  a  continuous  current  of  air  or  water,  whereas  current-mark 
and  ripple-drift  might  well  be  regarded  as  specific  forms  of  the 
genus  ripple-mark. 

The  foregoing  three  terms,  together  with  '  wave-marks '  as  used 
by  Dana,  are  a  truly  misleading  quartette.  '  Bipple-marks '  are 
collections  of  sand  in  the  form  of  water-ripples.  There  is  no 
pretence  that  they  are  made  by  water-ripples.  But  current-mark, 
a  completely  parallel  expression,  professes  to  describe  collections 
of  sand  in  the  form  of  ripples  made  by  a  current  The  '  current ' 
here  is  avowedly  the  agent,  whereas  the  '  ripple '  is  merely  the 
illustration  of  the  efifect.  In  Dana's  'wave-marks,'  an  expression 
even  more  closely  allied  to  '  ripple-marks,'  the  'wave'  is  the  agent 
and  not  merely  the  illustration.  In  '  ripple-drift '  we  have  a  still 
further  element  of  confusion,  as  here  '  ripple '  is  not  the  illustration, 
but  has  come  to  mean  the  actual  sand,  which  has  been  collected  in 
ripple-like  forms  by  drifting. 

'  Wave-mark '  would  be  an  excellent  term  descriptive  of  ordinary 
marine  ripple-mark  were  it  not  that '  wave '  would  indicate  the  agent, 
whereas  'ripple,'  which  is  no  more  than  a  small  wave,  would  be 
used  in  ui  entirely  di£ferent  sense.  Moreover,  Dana  has  used  '  wave- 
tnarks '  for  a  very  unimportant  marine  phenomenon,  viz.,  the  faint 
mark  which  is  very  occasionally  left  by  a  wave  on  a  sandy  beach. 

If  ripple-marks  uid  waves  are  to  be  subjects  of  discussion, 
it  is  absolutely  necessary  that  some  definite  meaning  should  be 
attached  to  descriptive  terms  such  as  height,  length,  breadth,  and 
amplitude. 

We  will  now  inquire  how  these  terms  are  actually  used  in  the 
oase  of  real  waves. 

What  do  we  understand  by  the  height  of  a  sea- wave?  A  saQor 
undoubtedly  measures  height  from  trough  to  crest.  For  instance, 
in  October,  1887,  the  Admiralty  communicated  to  the  Press  a  letter 
from  Captain  Fisher  descriptive  of  a  voyage  of  the  battleship 
"Inflexible."  He  mentioned  that  "the  waves  were  occasionally 
twenty-four  feet  high  and  three  hundred  feet  in  length."  This 
height  is  obviously  from  trough  to  crest,  and  even  so,  very  high 
for  the  wave*len&  ~ 
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PhysioiBts,  on  the  other  hand,  regard  height  as  from  mean  water- 
level  to  crest,  unless  the  height  from  trough  to  orest  is  distinctly 
stated.  In  a  letter  to  me  in  1884,  the  late  Professor  O.  G.  Stokes 
refers  to  "  the  elevation  or  depression  above  or  below  mean  level " ; 
and  again,  ''Taking  it  [the  wave]  as  eight  feet  above  or  below 
mean  level  in  the  shoal,  sixteen  feet  from  orest  to  trough  in  all " 
(Trans.  Devon  Assoc.,  vol.  xix,  pp.  513,  514).  Yet  in  the  paper  to 
which  Professor  Stokes'  letter  was  appended,  I,  from  force  of  habit, 
whenever  I  used  the  term  height,  referred  to  height  from  trough  to 
orest.  The  one  measurement  is  of  course  treated  as  being  exactly 
doable  the  other,  though  it  is  not  necessarily  so  with  breakers  in 
shallow  water. 

What  is  understood  by  the  *  length  '  of  a  wave  ?  In  the  case  of 
sea-waves,  which  are  fairly  uniform  in  size  at  the  same  time, 
English  writers  mean  by  '  length '  the  distance  from  crest  to  crest. 
If,  however,  we  have  to  regard  a  wave  as  isolated,  it  has  then  but 
one  crest,  and  we  may  treat  the  total  length  as  the  length  of  the 
elevated  water  added  to  the  length  of  the  depressed  water,  both 
at  the  level  of  repose  of  the  water.  What,  then,  is  understood  by 
the  *  breadth '  of  a  wave  ?  This  is  a  term  rarely  met  with,  but 
would  probably  mean  the  extent  of  a  wave  measured  along  its  crest. 
We  now  come  to  '  amplitude.'  What  is  the  amplitude  of  a  wave  ? 
So  far  as  I  am  aware,  '  amplitude '  with  physicists  is  always  connected 
with  the  idea  of  motion,  the  amplitude  of  a  wave  of  ether,  air,  or 
water  being  regarded  as  the  extent  of  the  oscillation  or  vibration 
of  the  medium,  caused  by  the  passage  of  a  wave. 

In  the  course  of  my  correspondence  with  Lord  Bayleigh  and 
Sir  G.  G.  Stokes  on  the  question  of  sea- waves,  although  both  those 
eminent  physicists  supplied  me  with  much  information,  I  do  not 
remember  a  single  instance  of  their  use  of  the  term  amplitude. 
If  used  for  '  height '  it  would  be  redundant,  and  for  shore-breakers 
inaccurate,  as  in  shallow  water  the  crests  contract  in  length,  and 
the  height  of  the  wave  from  trough  to  crest  greatly  exceeds  the 
relative  height  in  deep  water,  where  it  is  equal  to  the  amplitude 
of  vibration  of  the  water  itself.  The  increasing  height  of  the 
shortening  crest  came  out  clearly  in  tank  experiments. 

We  note,  then,  that  even  in  the  well-studied  case  of  sea-waves, 
which  are  real  waves,  we  have  to  be  careful  that  we  do  not  confound 
the  height  from  mean  level  with  the  height  from  trough,  and  that 
we  do  not  confound  amplitude  with  either  of  those  terms. 

A  difficulty  has  arisen  owing  to  the  indiscriminate  application 
of  the  simple  terms  height,  length,  and  amplitude  (which  in  the 
oftse  of  true  waves  are  technical  terms  with  stereotyped  meanings) 
to  forms  which  simulate  waves,  such  as  ripple-mark,  snowdrifts,  and 
even  mountains  and  valleys.  And  even  so,  the  terms  are  not  always 
^ised  in  the  same  sense  by  di£ferent  authors.  It  is  always  necessary 
to  ascertain  the  exact  meaning  of  each  author. 

Professor  Forel,  in  describing  his  ripples  and  experiments,  speaks 
of  the  « longeur '  of  his  tank,  and  of  the  *  hauteur '  and  *  largeur  *  of 
his  ripple-mark,  but  strictly  limits  'amplitude'  to  the  extent  of  the 
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^oter-osoillation  whioh  forms  the  ripple-mark.  What  to  an  Englifib 
observer  is  the  crest  to  orest  length  of  ripples,  is  to  Professor  FoibI 
their  *  largeur '  or  *  breadth.' 

Professor  Darwin  speaks  of  a  "  rotational  oscillation  with  a  jerking^ 
motion  of  small  amplitude  " ; '  of  the  height  of  ripples,  and  of  the 
*  wave-length '  of  ripples.  With  him  also  *  amplitude '  expresses 
the  idea  of  motion. 

Bipple-marks  so  closely  imitate  in  form  motionless  water-ripples 
(such  as  may  be  seen  in  a  sharp  current)  that  it  is  most  natural  to 
describe  them  by  the  phraseology  used  for  true  waves,  such  a» 
'  height '  and  *  wave-length.'  But  even  here  we  do  well  to  remember 
that  the  height  of  a  sand-ripple  can  never  be  synonymous  vnth  the 
height  of  a  water-ripple,  since  the  latter  is  referred  to  the  level 
of  repose  of  the  .water.  The  sand-ripple  reposes  corrugated  as 
comfortably  as  it  does  flat.  In  fact,  the  height  of  ripple-mark  is 
from  trough  to  crest,  and  therefore  does  not  even  correspond  with 
the  '  height '  of  water-ripple,  which  is  from  crest  to  mean  level. 

In  1900  I  was  nominated  by  Section  C  a  member  of  a  joint 
committee  with  Section  E  to  investigate  '  Terrestrial  Surface  Waves.' 
I  was  reluctant  to  accept  the  nomination,  which  had  been  made  in 
ray  absence,  because,  as  I  at  once  pointed  out,  I  could  see  no  geological 
bearing  in  the  subject,  which  related  in  the  first  place  to  snow 
phenomena,  and  I  knew  nothiog  about  it  On  receipt  of  the  first 
report  I  found  that  I  was  quite  uncertain  as  to  the  meaning  attached 
by  the  committee  to  the  technical  terms  used  in  describing  the 
dimensions  of  snowdrifts.  In  fact,  I  might  go  further,  as  I  do  not 
understand  the  terms  used  to  describe  the  object  of  the  committee's 
researches,  viz.  *  terrestrial  surface  waves.'  I  found  that  both 
snowdrifts  and  snow-ripples  were  described  exactly  as  though  they 
were  real  waves,  and  not  merely  wave-like  forms.  The  following 
quotation  will  indicate  my  difiiculty  : — 

''The  height  of  these  waves  [of  snow]  was  generally  not  more 
than  six  inches.  They  are  flatter  than  the  homologous  ssolian  sand 
ripples,  the  wave-lengths  being  often  forty  or  fifty  times  the 
amplitude.  .  .  .  There  are  also  regularly  undulating  surfooes 
carved  by  the  wind  in  more  coherent  snow  ...  it  is  pro- 
posed to  call  them  unduIaUa  "  (Rep.  Brit  Assoa,  1901,  p.  398). 

It  will  be  observed  that  the  geographers  have  captured  the 
entire  wave-nomenclature,  e.g.,  ripples,  wave-length,  height,  ampli* 
tude,  and  undulating.  If  we  refer  to  Murray's  Dictionary  we  shall 
find  that  the  primary  meaning  of  amplitude  is  width  or  breadth ; 
that  its  astronomical  meaning  is  angular  distance;  and  that  its 
physical  meaning  is  the  vibration  of  a  particle.  With  regard  to  the 
word  *  undulating,'  we  have  Pope's  line  **  Through  undulating  air 
the  sounds  are  sent."  The  geographical  and  geological  use  of 
'amplitude'  to  express  height  forces  the  word  into  a  meaning  in 
direct  conflict  with  both  its  ordinary  use  and  its  derivation. 
Professor  Lapworth,  in  his  address  to  Section  0,  points  out  that  the 
form  of  the  "  wave  or  fold  of  the  geologist  resembles  that  of  the 

>  Proc.  Roy.  Soc.,  1883,  p.  2. 
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wave  of  the  physioiat,  ae  alao  does  the  form  of  tbe  akirfaoe- wave  of  the 
geo^apher  "  (Bop.  Brit  Asaoo^  1892,  p.  7Q1).  No  doubt  geographera 
and  geologists  have  as  much  right  to  the  dictionary  as  physicists, 
but  in  the  present  case,  the  investigation  of  ripple-mark,  the  rssoit 
is  inconvenient  for  the  following  reason,  vis.,  that  as  it  is  now 
admitted  that  marine  ripple-mark  is  to  a  great  extent  made  by  waves, 
if  we  attempt  to  discuss  the  formation  of  ripple-mark  in  any  detail 
the  waves  will  require  their  own  terminology  for  their  own  use. 

The  following  incident  illustrates  the  importance  of  exact  phrase* 
ology.  My  Bipple-mark  paper,  though  promoted  to  the  rank  of 
a  much  cited  au&ority,  survived  eighteen  years  scatheless,  until  in 
1900  my  friend  Dr.  Yaughan  Cornish  stated  in  Section  G  that  an 
error  therein  had  misled  (German  students.  I  was  not  surprised 
at  the  detection  of  an  error,  but  at  its  having  escaped  so  long. 
I  pointed  out  that  the  alleged  error  was  in  a  quotation.  Dr.  Comidi 
replied  that  I  was  held  responsible  for  it  On  referring  to  Pro- 
fessor ForeFs  paper  I  noted  that  he  had  actually  quoted  the  censured 
passage,  but  only  on  the  authority  of  its  author,  the  Bev.  John  Gilmore, 
as  citod  by  me.  The  passage  had  clearly  not  misled  Prof.  Forel, 
nor  did  he  hold  me  responsible  for  it.  What,  then,  had  misled  the 
Qerman  students  ?  It  was  simply  this.  The  Bev.  John  Gilmoie, 
in  describing  the  struggles  of  the  lifeboat  men  on  the  Gkx>dwin 
Sands,  wrote,  ''  The  heavy  seas  have  driven  the  sands  into  high 
ridges,  and  the  gullies  between  these  are  waist-deep  and  full  of 
running  water  with  the  sand  soft  and  quick  at  the  bottom."  And 
again,  ''  On  the  Gk)odwins  where  ....  the  waves  break  and 
the  tide  rushes  with  tenfold  power,  the  little  sand  ripples  of  the 
smoother  shore  become  ridges  of  two  or  three  feet  high."  In 
referring  to  these  ridges  and  gullies  made  by  "heavy  seas"  and 
rushing  tides  in  quicksands,  I  used  the  expression  '  wave-marks4 
carefully  avoiding  the  technical  term  '  ripple- mark.'  But,  alast 
I  was  unaware  that  the  German  equtviuent  for  ripple-mark  is 
'  wellenfursoben,'  or  wave-farrows,  so  the  German  students  must 
naturally  have  concluded  that- when  I  described  ridges  and  gullies 
as  'wave-marks'  I  meant  to  describe  their  own  German  wave- 
furrows,  which  are  no  more  than  the  ordinary  English  ripple-maric 
and  Professor  Forel's  '  rides  du  fond,'  otherwise  wrinkles  on  the 
bottom.  I  was  unaware  that  Dana  had  previously  i^ropriated  the 
term  '  wave-marks '  for  another  purpose.  No  dcHibt  it  would  have 
been  more  accurate  to  have  described  the  ridges  and  gullies  on  the 
€kK>dwins  as  wave-and-tidal-current-marks ;  but  the  quotation  of 
a  record  of  a  fact,  Uix  too  valuable  to  lose,  could  not  have  miried 
ezperimentalisti,  and  in  fact  did  not  do  so. 

It  is  by  no  means  always  easy  to  distinguish  offhand  true 
ripple-mark  from  oormgations  in  fine-gndaed  rooks  caused  by 
pressure,  and  in  a  well-known  case  at  the  east  end  of  Meadfbot 
Sands,  Torquay,  the  evidence  is  ooodicting.  If  only  a  squeeae  it 
is  a  remarkably  good  imitation  of  the  genuine  article.  If  genuine, 
and  a  case  of  ripple-mark  complicated  by  pressure  in  finest  grits 
associated  with  dates,  it  is  interesting  as  occurring  in  tbe  Lower 
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Devonian  rooks  without  a  trace  of  shallow- water  oonditions.  Asso- 
ciated with  these  corrugated  rocks  there  is  a  band  of  some  inches 
of  badly  preserved  shells  suggestive  of  some  great  destruction  of 
the  submarine  fauna;  what  Owyn  Jeflfreys  would  have  described 
in  modem  seas  as  a  charnel-house  of  shells.  The  currents  were 
clearly  sharp,  but  transitory,  as  the  grit  and  slate  beds  are  not 
confused,  and  the  thickness  of  the  shell  band  very  regular.  The 
corrugations  are  symmetrical,  so  must  be  wave-formed  and  not 
continuous  current-formed,  that  is,  if  they  are  ripple-mark  at  all. 
Now  in  considering  such  a  case  as  this  we  have  to  realise  the 
presence  of  waves  heavy  enough  to  disturb  depths  at  which  fine 
silt  and  mud  can  accumulate.  This  depth,  disturbed  only  on  rare 
occasions,  will  depend  on  the  height  (crest  to  trough)  of  the  waves. 
The  amplitude  of  the  reciprocating  currents  over  the  bottom  will 
depend  on  the  height  (crest  to  trough)  of  the  waves  and  the  depth 
of  the  water,  while  the  number  per  minute  of  the  double  currents, 
or  their  frequency,  will  depend  on  the  period  of  the  waves.  Now 
the  technical  terms  required  for  this  description  are  height  (crest 
to  trough),  length,  amplitude,  period,  and  frequency.  The  terms 
height  and  length  will  apply  to  ripple-marks  equally  well ;  but  with 
amplitude,  period,  and  frequency  ripple-marks  have  nothing  to  do. 
If  we  use  amplitude  for  the  height  of  a  ripple-mark  we  use  a  stereo- 
typed wave-term  in  a  different  sense;  while,  if  we  use  the  term 
wave-length  for  the  ripples,  our  thoughts  are  at  once  directed  to  the 
true  waves  which  formed  them,  waves  which  really  possessed 
wave-length,  which  the  ripple-marks  only  possess  by  courtesy. 

My  own  work  in  ripple-mark,  which  was  undertaken  solely  to 
establish  the  doctrine  of  alternate  wave-currents,  received  its  full 
fruition  when  Sir  Archibald  Geikie  accepted  the  doctrine  of  the 
"^ oscillation  of  the  medium"  in  his  textbook  of  1893.  That  fact 
accepted,  all  the  rest,  the  interesting  consequences,  must  follow  in 
time.  But  they  will  follow  sooner  if  we  can  avoid  confusion  of 
ideas  being  perpetuated  by  ambiguous  and  even  conflicting  nomen- 
clature. Were  this  a  paper  on  ripple-mark  itself  it  would  be  easy  to 
run  through  the  great  textbooks  and  manuals  and  indicate  where 
the  different  authors  have  followed  the  wrong  trail.  I  will,  how- 
ever, quote  one  very  useful  and  popular  dictionary  of  scientific 
terms.  In  Webster's  Dictionary,  ed.  1876,  we  read,  "  Ripple-mark. 
(Qeol.)  A  mark  on  the  surface  of  a  rock  resembling  that  made  by 
receding  waves  on  a  sea  beach."  Now  waves  on  a  falling  tide  have 
often  effaced  ripple-marks  on  the  flats  of  a  sea  beach,  but  have  never 
created  them.  The  efficacy,  or  even  the  existence,  of  a  receding 
wave  is  as  imaginary  as  that  of  the  efficacy  of  the  advancing  or 
receding  tide,  moving  towards  or  from  the  shore  at  the  rate  of  a  few 
hundred  feet  or  less  in  some  six  hours.  The  wave  has  ceased  to 
exist  before  any  water  recedes  from  off  the  beach. 

So  far  as  I  am  aware,  no  paper  on  ripple-mark  has  appeared  in 
any  geological  publication  since  Dr.  Sorby's  ''  Structures  produced 
by  the  Currents,  eta,"  in  the  Oeologist  in  1859.  The  literature 
is  scattered  far  and  wide.     Sir  Archibald  Gbikie  has  given  the 
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references  to  the  papers  of  Messrs.  Sorby,  De  Candolle,  Forel,  and 
Darwin.  To  these  I  would  add  the  shrewd  observations  of  that 
king  among  observers,  De  la  Beohe,  in  his  **  Qeologioal  Observer," 
and  several  papers  by  Dr.  Yaughan  Cornish  in  the  pablioations  of 
the  Geographioal  Society  which  have  appeared  since  I  retired  from 
the  fray. 

In  May,  1903, 1  concluded  a  paper  on  Vein  Quartz  with  a  quotation 
from  a  letter  written  by  Dr.  Sorby  in  1889— "There  are  many 
things  connected  with  it  [granite]  about  which  we  know  much  less 
than  is  desirable."  Let  me  conclude  this  paper  with  the  last  few 
lines  of  the  same  author*8  1859  paper  on  the  "  Structures  produced 
by  Currents  "  :  "  Those  [experiments]  which  I  have  made  already, 
though  not  nearly  sufficient  to  clear  up  many  highly  important 
questions,  are  still  sufficient  to  give  very  great  encouragement; 
and  I  therefore  feel  anxious  to  induce  others  to  turn  their  attention 
to  this  branch  of  research,  being  convinced  that  it  cannot  but  yield 
a  bountiful  harvest  of  fact  when  studied  with  perseverance  and 
seal."  To  this  conviction,  now  forty-five  years  old,  we  may  still 
add  our  fervent  Amens. 

P.S. — Since  the  above  was  written,  I  received,  on  the  Ist  of  July, 
Nature  for  June  30th,  and  Dr.  Nansen's  "  Bathymetrical  Features 
of  the  North  Polar  Seas,"  etc.  Dr.  Nansen  observes  (p.  137), 
*'  ripple-marks,  however,  are  not  merely  formed  by  waves,  but  also  by 
currents."  Naturey  referring  to  experiments  made  by  Mr.  F.  Ayrton 
at  the  Royal  Society  conversazione,  asserts,  with  the  emphasis  of 
italics,  *'  It  was  also  shown  that  ripples  are  not  produced  by  a  steady 
current  of  water  flowing  over  sand."  Dr.  Yaughan  Cornish  writes : 
**  The  true  current- formed  sand- wave  I  find  to  be  produced  as  soon 
as  the  velocity  of  the  stream  causes  the  water  to  be  turbid  with 
a  heavy  charge  of  sand  in  eddying  suspension.  The  process  can 
be  watched  in  the  shallow  streams  of  sandy  tidal  foreshores " 
{Oeographical  Journal,  August,  1901,  p.  198).  I  have  noticed  this 
result  myself. 

In  the  same  paper  (p.  200)  Dr.  Cornish  writes,  ^*  Professor  Osborne 
Beynolds  found  that  in  his  model  estuaries  the  ripples  '  formed  by 
the  alternating  action  of  the  tide '  had  a  wave-length  equal  to  twelve 
times  their  amplitude  (4  <=  12  H)." 

If  Professor  Reynolds  used  the  terms  wave-length  and  amplitude 
i  should  have  to  retire  discomfited,  as  I  had  the  honour  to  serve 
on  his  committee ;  but  I  find  that  what  Professor  Reynolds  wrote 
was,  **  Some  of  the  ripples  were  from  hollow  to  crest  as  much  as 
one-fourth  the  mean-rise  of  the  tide,  the  distance  between  them 
being  twelve  times  their  height"  (Rep.  Brit.  Assoc.,  1889,  p.  343). 
Professor  Reynolds  avoids  the  technical  wave  terms. 

The  apparent  contradictions  of  writers  on  ripple-mark  are  so 
surprising  that  one  fails  to  see  how  the  student,  or  even  the  text- 
book writer,  can  find  his  way  through  the  mist  However,  the 
contradictions  are  easily  explained,  as  there  are  several  ways  of 
producing  rippled  sand-surfaces.     If  not  trespassing  too  much  on 
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the  pattenoe  of  the  readers  of  the  Obolooioal  Maoazinb  I  should 
tike  some  day  to  make  an  attempt  to  show  how  the  triok  is  done, 
and  how  ripple*mark  oonoerns  geologists,  not  as  a  mere  unimportant 
detail  of  rock-struoture,  but  as  an  important  factor  and  index  in  the 
great  problem  of  marine  erosion.  In  the  meantime  I  may  refer  to 
Dr.  Nansen's  admirable  epitome  of  the  evidenoe  of  marine  erosion  in 
his  work  above  referred  to,  and  also  to  Dr.  Cornish's  papers  in  the 
Geographical  Jonmal. 


yiL— Contributions  to  thb  Qsoloot  of  Cstlon  : 

III.  Thb  Balangoda  Oboup. 

By  A.  E.  CoomAraswXmt,  B.Sc.,  F.L.S.,  F.G.8.,  Director  of  the  Mtneralogictl 

Survey  of  Geyktn. 

THE  name  '  Balangoda  gronp '  is  proposed  for  a  series  of  granitic 
and  pegmatite*like  rocks,  intrusive  in,  but  distinct  from,  the 
Chamockite  series ;  first  met  with  in  the  Baluigoda  district,  but 
evidently  ^dely  distributed  over  a  large  area  between  Balangoda 
and  Hatton.  The  rocks  are  best  described  as  granites,  but  occur 
most  often  in  rather  narrow  dykes,  after  the  manner  of  pegmatites. 
Yet  there  is  no  reason  for  separating  the  smaller  from  the  larger 
masses,  and  the  term  granite  is  applied  to  both.  The  group  (of 
which  a  more  detailed  account  will  ultimately  be  needed)  inoludes 
in  particular  sircon  granite,  allanite  granite,  magnetite  granite,  and 
granite  without  conspicuous  accessory  minerals;  as  well  as  the 
probably  similar  rocks  in  which  the  hitherto  unlocated  minerals 
geikielite,  baddeleyite,  rutile,  fergusonite,  thorite,'  thorianite,  eta, 
may  be  looked  for ;  and  the  vein  of  pegmatite  at  Qampola,  which 
consisted  of  quartz,  felspars,  and  biotite,  with  apatite,  ilmenite, 
totirmaline,  and  the  new  minend  described  as  thorianite '  as  accessory 
minerals. 

These  granites  are  intrusive  in  the  Chamockite  series,  and  though 
frequently  occurring  in  lenticular  masses  (Denagama)  with  a  dis* 
position  parallel  to  that  of  the  foliation  planes  of  the  chamookites, 
have  often  been  observed  to  transgress  these  foliation  planes  and  to 
behave  as  intrusive  rocks.  Contact  phenomena  have  not,  however, 
been  observed,  except  perhaps  in  a  slight  tendency  to  a  peripheral 
fineness  of  grain  in  the  intrusive  rocks.  At  the  junctions  granite 
and  chamockite  are  usually  welded  together,  there  being  no 
absolutely  hard  line  of  separation,  although  the  junction  may  be 
called  sharp ;  in  the  case  of  the  larger  masses  no  good  junctions 
have  been  seen. 

A  description  of  the  rocks  is  given  below,  with  special  reference 
to  the  localities  where  they  can  be  seen : — 

Zircon  granite. — This  rock  was  seen  in  bOCl  at  several  points,  and 
fs  the  best  known  member  of  the  group.  The  finest  and  longest 
exposure  is  on  Massena  estate,  six  miles  from  Balangoda;  here 
a  considerable  mass  of  granite,  fully  two  miles  in  length  and 

>  W.  Dunstan,  Nature,  1904,  p.  510. 

*  <'  Spolia  ZeyUnicft,"  toI.  i,  pt  4  (1904),  p.  112 ;  and  Natvf,  loc*  ctt. 
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averaging  perhaps  a  hundred  yards  in  widA,  ronsy  parallel  to  the 
Chamookite  foliation-sldke,  along  the  trough-like  strike  valley 
Hof  the  Maasena  Oya,  in  which  the  main  part  of  the  estate  is  found. 
^he  rock  ocoors  in  enormous  masses,  both  tn  stM  and  in  great 
boulders,  amongst  which  the  Maasena  Oya  finds  its  way.  Two  rows 
of  onriously  weathered  masses  stand  out  of  the  swamp  below  the 
bungalow;  good  specimens  very  rich  in  siroon  can  be  collected 
here.  The  rock  usually  shows  no  trace  of  foliation  in  small 
epeoimens;  but  foliation  (vertical,  with  strike  about  15°  N.  of  W.) 
is  evident  in  an  exposure  in  s»M  near  the  middle  of  the  estate,  near 
the  '  lines.' 

The  rock  consists  essentially  of  quartis,  felspar,  and  biotite,  with 
siroon  and  ilmenite  as  characteristic  accessory  minerals,  and  apatite 
ae  a  microscopic  constituent  The  content  of  zircon  varies  greatly 
from  specimens  in  which  a  crystal  can  hardly  be  found  to  others 
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Fio.  1. — Bough  sketch-map  of  zircon  granitefi  near  Denagama  Oya  hrid^,  near 
B^angoda,  Sah,  Ceylon,  x  x  x  zircon  granites ;  t  zircon  granites  weM 
foliat^.    Scale,  5  inches  =  1^  miles. 

in  which  it  forms  a  noteworthy  proportion  of  the  rock.  The  zircon 
occurs  in  moderately  good,  idiomorphio,  stumpy,  prismatic  crystals, 
generally  terminated,  the  forms  m  (110),  a  (100),  p  (111)>  e  (101) 
being  certainly  present ;  the  colour  is  hair-brown,  often  quite  pale ; 
in  thin  section  no  colour  is  seen;  the  longest  individuals  exceed 
f  inch  in  length,  but  roost  are  somewhat  smaller.  The  rock  itself 
is  relatively  fine-grained,  the  quartz  and  felspars  rarely  exceeding 
in  diameter  the  length  of  the  longest  zircons.  The  felspars  include 
orthoclase  (sometimes  microperthitio)  and  an  acid  plagioclase  with 
s.g.  near  to  that  of  orthoclase.  The  biotite  occurs  in  ragged  crystals, 
maoroscopically  nearly  black,  but  brown  in  thin  section,  and  with 
pleochroism  from  warm  brown  to  pale  straw  colour.  Ilmenite  is 
common,  occasionally  moulding 'the  zircons,  and  generally  partly 
altered  to  *leucoxene.*  Apatite  is  fairly  abundant  in  six-sided 
terminated  prisms  about  t^r  inch  in  length.  The  general  structure 
18  hypidiomorphic,  only  the  zircon  and  apatite  occurring  in  well- 
■developed  crystals. 
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Another  exposure  (Hap,  Fig.  1)  is  seen  near  the  bridge  over  th» 
Denagama  Oja,  aboat  6  miles  from  Balangoda  on  the  Hapntak 
road.  Small  idiomorphio  ziroons  (iV  inoh)  are  scattered  sparinglj 
in  the  rook,  which  resembles  that  of  Massena  estate,  bat  is  d 
somewhat  coarser  grain.  Ilmenite  is  common,  the  ziroon  quite 
scarce.  Other  exposures  are  found  along  the  line  of  strike  on  th» 
left  bank  of  the  stream.  The  granite  seems  to  form  a  series  of 
lenticular  masses.  At  one  point  the  rook  becomes  well  foliated 
(as  if  by  pressure),  the  small  crystals  of  biotite  being  doeely  packed 
and  sweeping  round  the  augen  orthoclase.  Well-formed  zirocBU 
f  inch  in  length  are  to  be  found. 

A  similar  foliated  zircon  granite  is  exposed  by  the  roadsda 
1^  miles  further  on,  just  beyond  the  91st  milepost ;  the  ziroons  tsej 
from  iV  to  i  inch  in  length,  and  are  of  the  usual  light-brown  ooloor 

No  junctions  were  observed  in  the  instances  aboye  referred  to. 

Near  HaldummuUa  and  about  18  miles  from  Balangoda  a  small 
granitic  dyke  was  seen  in  the  Weli  Oya  yalley  about  half  a  mild 
above  the  road,  crossing  foliation  in  the  Chamockite  series  and 
containing  a  few  minute  zircons  just  visible  to  the  naked  eye. 

In  the  Bamberabotuwa  district  a  large  number  of  small  iiibrosive 
pegmatites  or  granite  dykes  were  examined  on  Hopewell  estate 
(15-16  miles  from  Balangoda),  where  they  are  well  exposed,  and 
cross  the  foliation  of  the  Chamockite  series  in  all  directions ;  only 
two  were  found  to  contain  minute  crystals  of  zircon  sparingly  dii- 
tributed.  Zircon  may  occur  in  others,  but  so  rarely  as  to  be 
overlooked.  This  exhausts  the  list  of  localities  where  macrosoopb 
zircons  have  been  seen  in  9iiiL 

Zircons  of  all  sizes  (up  to  1^  inches  or  more)  occur  abnndantlj 
in  every  stream  and  river  gravel,  and  are  found  in  quantities  when 
gemming  operations  are  carried  on,  joining  a  large  pro{K>rtion  of 
the  heavy  residue  (ndmhu^)  at  the  bottom  of  the  gemming- basket: 
the  clear-coloured  varieties  are  of  value  as  gems ;  the  remainder 
is  rejected.  The  irregular  ziroons  described  by  Mr.  Spencer '  uooar 
in  this  way  in  various  parts  of  the  Balangoda  and  Bamberabotuwa 
districts.  Near  Eondrugala  zircon  is  very  abundant  in  large 
individuals.  Well-developed  twins  on  e  (101)  are  found.  With 
the  ziroon  are  associated  *  tborianite,'  thorite,  ilmenite.  Laige 
zircons  have  also  been  found  in  gemmings  from  the  Hatton  distrii^ 
Zircon  is  also  abundant  over  a  wide  area  in  the  Southern  Province 
in  the  Galle,  Matara,  and  Morawaka  districts,  and  no  doubt  also 
at  Eakwana ;  the  same  rocks  may  be  expected  to  be  met  with  in 
these  districts. 

Allanite  granites. — Allanite  granites  are  well  exposed  in  two 
places  in  the  Balangoda  districts.  It  is  some  years  since  Mr.  W.  D. 
Holland  discovered  a  granite  or  pegmatite  dyke,  crossing  foliatioD 
in  the  Chamockite  series,  in  the  bed  of  the  Wewel  Dola  near  the 
lower  end  of  his  estate  of  Dik  Mukulana,  and  containing  allanite 
in  some  abundance.     The  determination  of  allanite  was  confirmed 

1  A  Sinhalese  tenn  which  may  with  advantage  be  adopted. 

2  Nature,  April  14th,  1904,  p.  675. 
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by  a  partial  analysis  made  for  Mr.  Holland,  and  by  Mr.  G.  T.  Prior, 
to  whom  a  sample  was  sabmitted.  The  granitic  dyke  is  composed 
of  quartz,  felspar,  hornblende,  allanite,  biotite,  pyrite. 

The  felspars  inolade  porphyritio  orthoolase  and  also  a  series 
of  smaller  iDdividuals  of  orthoolase  and  plagioclase  (some  of  the 
latter  are  porphyritio  like  the  orthoolase),  forming  with  quartz  the 
finer-grained  portions  of  the  dyke.  Allanite  and  hornblende  oocur 
in  yaiying  amount,  both  being  locally  very  abundant.  Biotite  is 
scarce.     Pyrite  occurs  chiefly  in  secondarily  deposited  films. 

A  better  exposure  of  allanite  granite  is  found  in  the  lower  part 
of  Denagama  estate,  about  seven  or  eight  miles  from  Balangoda. 
A  conspicuous  dyke,  three  to  four  feet  thick,  crosses  the  left  branch 
of  the  stream,  which  runs  through  the  tea  below  the  path,  and 
forms  a  conspicuous  ledge  inclined  at  a  low  angle  to  the  foliation. 
The  granulites  are  inclined  at  a  very  similar  angle,  but  it  can  be 
seen  clearly  that  the  dyke  does  not  keep  strictly  to  the  foliation 
planes ;  moreover,  a  few  short  processes,  six  inches  to  a  foot  in 
width,  project  into  the  rock  underlying  the  dyke,  clearly  showing 
the  intrusive  character  of  the  latter.  The  dyke  is  coarse-grained,  and 
consists  mainly  of  orthoolase  (porphyritio  idiomorphio  individuals 
often  about  3x1  inches),  quartz,  and  biotite,  the  latter  in  long  thin 
crystals  (measuring  e.g.  9  X  1  X  ^  inches)  scattered  in  all  directions 
through  the  rock. 

In  these  two  dykes  the  allanite  is  very  unevenly  distributed, 
being  in  places  very  abundant,  and  elsewhere  almost  or  quite  absent. 
The  allanite  forms  thin  tabular  idiomorphio  as  well  as  more  irregular 
individuals;  the  largest  attain  a  length  of  three  inches,  those  of 
medium  size  measure  about  1  x  ^  X  ^  inch.  A  curious  point  is 
that  the  allanite  seems  to  form  a  centre  for  radiating  cracks  in  the 
rook,  giving  it  a  rather  conspicuous  appearance,  of  which  a  diagram 
is  given  in  Fig.  2  (Denagama). 

The  allanite  is  macroscopically  black  (in  thin  section  brownish 
olive-green),  and  has  a  resinous  lustre  and  conohoidal  fracture ; 
hardness  about  6;  sp.  gr.  3*2  to  3*5;  before  the  blowpipe  it 
intumesces  strongly. 

Magnetite  granite. — A  small  dyke  2  inches  wide  and  of  the  usual 
character,  but  containing  irregular  individuals  of  magnetite  about 
f  inch  in  diameter,  was  seen  in  the  bed  of  the  Wewel  Dola  at  Dik 
Mukulana.  Another  dyke  6  inches  wide,  containing  similar 
magnetite,  was  observed  on  Hopewell  estate. 

The  Oampola  pegmatite*^ — This  rock  consisted  mainly  of  orthoolase, 
quartz,  and  biotite,  and  contained  apatite,  tourmaline,  ilmenite,  and 
uraninite  (' thorianite')  as  accessory  minerals. 

Granites  without  conspicuous  accessory  minerals. — These  are  of 
fairly  general  distribution  in  the  Balangoda  district,  sometimes 
ooourring  in  the  form  of  dykes  (usually  less  than  three  feet  in 
width)  in  very  considerable  abundance.  It  is  possible  that  a  much 
more  extended  search  might  reveal  the  presence  of  macroscopic 
zircons  in  some  of  these  rocks ;  for  the  most  part,  however,  they 

1  "  SpoUa  Zeylanica,"  yoI.  i,  pt.  4  (1904),  p.  612. 
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«TO  dmQar  to  the  gnnitio  rooks  desoribed  aboTO,  bat  withovit  tke 
obaraotaristio  mootnorj  minermls.  There  is  a  considenible  expoesn 
of  reddish  granite  on  the  Batoapnra  road  aboot  a  mile  below 
BailaBgoda,  and  this  is  known  as  a  looality  for  'graphic  grmnite.' 
A  tendeooy  to  graphio  stmotnre  was  notioed  in  many  of  ihs  roeks 
alreadr  deeoriM.  Smaller  masses  (dykes)  are  ooBunon  at  Dik 
Mnknlana  (11  miles  from  Balangoda)  and  on  Hoperw^ 


Fxo.  2.— Stmoture  of  allanite  granite;  Denagama  estate,  Balangoda.  ^,  aUanite; 
£j  biotite ;  0,  oraioclase ;  remainder  quartz  and  felspar.  Piuwit 
scale,  X  5^  times. 

15  miles  from  Balangoda,  and  at  many  other  points.  These  granites 
(as  well  as  others  containing  zircon)  are  also  well  exposed  on 
Herimitegala  estate,  about  8  miles  from  Balangoda. 

The  list  of  types  of  rook  belonging  to  Uie  Balangoda  gnmp 
actually  met  with  is  now  exhausted.  There  can  be  no  doubt  that 
many  other  varieties  will  be  found,  and  it  is  evident  that  some  are 
likely  to  be  of  great  interest  Since,  however,  detrital  zircon  is 
exceedingly  abundant,  yet  is  known  in  aitik  in  a  few  localities  cmly, 
it  is  clear  that  the  chance  of  finding  any  particular  one  of  the  odier 
and  rarer  minerals  tn  sitH  must  be  rather  smalL 


I^  :E3  -V  I  E  -v^  S. 


I. — Db.  Fridtjof  Nansen's  Resbabchbs  into  thb  Bathtmbtsioal 
Fbaturbs  of  thb  North  Polar  Seas.* 

THIS  elaborate  volume  is  the  outcome  of  Dr.  Nansen's  Arctic 
Explorations,  of  which  we  have  narratives  in  his  **  First  Growing 
of  Greenland"    (18^0)   and   his   "Farthest  North"  (1897),   both 

^  Published  by  the  Fridtjof  Nansen  Fund  for  the  Adyancement  of  Seienoe  {yn&. 
29  plates).     Chrlstiania,  1904. 
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delightful  works  of  travel  and  adventure  in  inhospitable  and  little- 
^nown  regions*  and  fortunately  for  most  of  us  Britishers  written  in 
the  English  language.  The  most  reoent  yolume  here  under  our 
notice  deals  with  those  great  problems  of  submerged  lands  and 
ocean  basins  for  the  roost  part  held  fast  in  the  embrace  of  perennial 
ice,  and  of  which  the  depth  can  only  be  known  by  the  sounding 
line  let  down  through  the  ice-cap  itself.  As  well  known,  *'  Nansen's 
Farthest  North''  was  reached  on  the  7th  April,  1895,  in  N.  lat. 
g^o  28'  6",  where  the  depth  of  the  ocean  reaches  3,000  metres, 
a  depth  which  may  be  presumed  to  extend  to  the  pole  itself.  Oertain 
it  is  that  deep  ocean  water  is  under  the  North  Pole ;  not  **  an  open 
sea,"  as  was  once  announced  by  Kane,  the  American  Arctic  explorer. 
The  whole  structure  and  arrangement  of  land  and  sea,  whether 
ice-covered  or  open,  is  admirably  represented  in  the  bathymetrical 
chart  of  the  North  Polar  Seas  which  accompanies  Nansen's  recent 
volume,  and  under  its  guidance  I  propose  to  consider  some  of  the 
enboceanic  features  which  arrest  attention.  The  centre  of  the  chart 
being  the  pole,  it  embraces  in  its  circumference  all  the  region 
bordering  on  both  sides  the  Arctic  circle ;  and  on  looking  at  the 
chart  we  are  at  once  struck  by  three  leading  features  indicated  by 
distinctive  colours — the  lands,  by  dark  diade ;  the  continental  shelf 
or  platform,  by  yellow ;  and  the  deep  ocean,  by  various  shades  of  blue. 
The  varying  depths  are  all  worked  out  by  isobathic  lines  founded 
on  the  soundings,  a  system  of  suboceanic  delineation  hitherto  much 
neglected  by  British  cartographers,  but  capable  of  opening  up 
many  new  facts  of  suboceanic  geography ;  this,  indeed,  is  the  only 
way  of  placing  before  us  in  a  graphic  manner  the  various  physical 
features  below  the  waters  of  the  ocean,  whether  they  be  terraces, 
old  river  valleys,  gulfs,  or  deep  ocean.  Of  this  system  of  illustration 
Dr.  Nansen  has  made  abundant  use  both  for  pourtraying  the  form 
of  the  sea-floor  and  for  plotting  transverse  sections  similar  to  those 
whidi  may  be  drawn  by  means  of  contour-lines  to  illustrate  the 
form  of  the  land. 

The  contiuMital  shelf  is  continuous  all  round  the  margin  of  the 
land  with  the  exception  of  one  remarkable  interval  lying  along 
the  meridian  of  Greenwich  between  Spitzbergen  and  the  north-east 
comer  of  Greenland,  where  the  floor  of  the  ocean  bed  rises  to  within 
786  metres  of  the  surface  in  the  form  of  a  narrow  bank  descending 
rapidly  into  the  deep  water  of  the  Arctic  Ocean  on  the  one  side  and 
into  that  of  the  Norwegian  Gulf  on  the  other.  It  is,  in  fjEU)t,  a  sub- 
merged saddle.  The  narrowest  part  of  the  continental  shelf  lies 
off  the  Lofoten  Islands,  but  spreads  in  a  broad  nearly  level  sheet  all 
round  the  coast  of  the  Europe- Asian  Continent  to  that  of  the  North 
American  Continent.  From  its  surface  rise  the  Spitzbergen  and  Franz 
Josef  groups  of  islands,  together  with  Novaia  Zembla  and  the 
New  Siberian  Islands.  Its  average  depth  near  the  outer  margin  may 
be  taken  at  200  metres,  but  in  some  places  it  is  over  800  metres. 
All  the  way  from  Spitzbergen  along  the  Europe-Asian  Continent 
it  breaks  off  in  a  steep  declivity,  descending  into  the  Arctic  Ocean 
^  gradients  varying  from  5^  to  20  degrees   in  steepness;  the 
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steepest  portion  of  the  declivity  being  situated  between  deptlis  of 
200  and  1,000  metres.  Thus  it  will  be  seen  that  there  is  a  remarkable 
similarity  in  the  bathymetrioal  conditions  of  the  polar  re^ons  and 
those  of  the  North  Atlantic ;  in  both  there  is  the  continental  afadfr 
and  the  steep  exterior  slope  or  declivity,  leading  down  to  the  floor  of 
the  outer  ocean  at  depths  of  about  2,500  metres  (8,140  feet).  Bat 
another  point  of  similarity  is  the  existence  of  chsmnels  or  *  Qords,*^ 
traversing  the  platform  and  opening  out  on  the  ocean  at  greai 
depths.  Some  of  these  submerged  fjords  decrease  in  depth  towards 
their  outlet  on  the  deep  ocean,  as  for  example  the  Yardoe  Murmsa 
Channel  along  the  coast  of  East  Finmarken,  resembling  in  this  reepeot 
the  Norwegian  fjords.  The  cause  of  this  shallowing  of  the  sub- 
marine fjords  is  necessarily  obscure,  but  is  in  all  prolMibility  pardj 
attributable  to  glacial  moraine  matter  piled  up  at  the  Glacial  Period 
upon  the  melting  of  the  ice.  On  a  former  occasion  I  have  dwelt 
upon  this  remarkable  feature  in  the  case  of  the  Norwegian  fjords.' 

In  addition  to  the  continental  shelf,  there  occurs  a  feature  not 
generally  recognised  on  the  Atlantic  border,  called  by  Nanaao 
*'  the  coast  platform "  (strand  fladen),  descending  to  only  a  few 
metres  (10  to  15)  below  sea-level  and  covered  by  numerous  shoals 
and  sunken  rocks.  The  coast-platform  is  often  incised  by  channeb 
parallel  to  the  coast  or  outer  margin  of  the  platform  itself.  The 
formation  of  the  marginal  shelf  is  discussed  by  the  author,  wha 
regards  it  as  *'a  comparatively  young  formation,  the  greater  part 
of  which  must  have  been  formed  after  the  Norwegian  Continental 
Shelf"  (p.  112).  If  this  be  so,  the  coast-platform  would  appear 
to  be  a  *'  raised  beach,"  formed  after  the  continental  shelf  during 
the  period  of  the  rise  of  the  land  at  the  close  of  the  Glacial  Period. 

Those  who  doubt  the  existence  of  suboceanic  river  valleys  will 
not  find  support  from  Dr.  Nansen.  According  to  this  author,  the 
Europasian  continental  shelf  is  seamed  by  numerous  submerged 
channels.  The  Norwegian  Qords  are  often  continued  under  the 
waters  of  the  outer  sea,  descending  to  depths  of  400  metres  (1,312 
feet)  or  more.  In  the  neighbourhood  of  the  Franz  Josef  Islands 
good  examples  of  submerged  valleys  are  indicated;  others  occur 
north  of  Andoe.  At  the  same  time  the  author  considers  that  in 
some  cases  the  deep  channels  may  be  due  to  faulting.  The  sub- 
merged valleys  are  not  shown  on  the  bathymetric  map,  which  is  on 
too  small  a  scale  for  the  purpose,  but  they  are  shown  on  the  sections* 
of  which  there  are  many  in  the  volume  of  great  interest.  It  is  to 
be  regretted,  however,  that  Dr.  Nansen  has  adopted  a  scale  so 
exaggerated  as  1  in  50  for  the  vertical ;  the  result  of  which  is  to 
cause  the  hills  and  elevations  on  the  land  side  to  take  the  appear- 
ance of  the  spires  of  churches  I  A  scale  of  1  in  10  would  have  been 
sufficient  for  the  delineation  of  the  features,  and  would  have 
appeared  less  unnatural. 

The  volume  is  accompanied  by  a  fine  geological  map  of  Norway, 
and  the  isobathic  contours  by  which  the  features  of  the  submerged 

*  '*  The  Physical  History  of  the  Norwegian  Fjords  '* :  Trans.  Victoria  Institste,. 
vol.  uxiv  (1902). 
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lands  and  sea-bed  are  determined  are  carried  oat  all  over  the  ocean 
iu»  far  as  the  soundings  have  permitted.  There  can  be  no  qaestion 
that  this  work  is  the  most  important  oontribation  to  our  knowledge 
of  the  Arctic  sabmarine  features  which  has  yet  appeared,  and  the 
author  embodies  in  it  as  far  as  possible  the  work  carried  out  in 
the  same  field  by  other  explorers.  Edwabd  Hull. 


II. — Fossil  Floras  of  Cape  Colony.  By  A.  C.  Skwabd,  M. A.,  F.R.S., 
eta  (Annals  of  the  South  African  Museum,  vol.  iv,  part  1 ; 
122  pages,  pis.  i-xiv,  and  8  text-figures.    1903.) 

THIS  memoir  is  undoubtedly  one  of  the  most  important  and 
complete  that  has  yet  appeared  on  the  South  African  fossil 
floras.  It  contains  a  full  description  and  many  figures  of  the 
specimens  collected  by  the  Qeological  Commission  of  Cape  Colony 
firom  four  distinct  formations. 

Beginning  with  the  flora  of  the  Uitenhage  series,  among  the  ferns 
described  and  figured  may  be  noticed  Onyehiopsis  mantelU  and 
Cladophlehis  hrovmiana,  both  of  which  occur  in  the  Wealden  of 
Sussex.  Numerous  fronds  of  the  Cycadophy ta  are  figured,  especially 
of  the  genus  Zamites,  and  also  a  new  species  of  Nilssonia.  Araucarites 
Bogersi  is  described  as  a  new  fonn  of  Araucarian  cone.  The  author 
concludes  that  the  **  Uitenhage  plants  include  types  in  part  charac- 
teristic of  Wealden  and  in  part  indicative  of  Jurassic  floras.  On 
the  whole  there  is  a  balance  in  favour  of  a  Wealden  horizon." 

The  next  flora  described  is  that  of  the  Stomiberg  beds.  The 
following  new  species  are  among  the  plants  figured  : — Schizoneura 
krasseri,  also  known  from  China,.  Callipteridium  stormhergense  and 
Chiropteris  zeilleri,  two  fine  fern-like  fronds,  the  latter  being  known 
from  a  single  specimen  in  the  British  Museum,  and  Baiera  storm' 
hergensis,  a  large  leaf  of  the  Ginkgo  type.  Species  of  Thinnfeldia, 
TcmioptertSf  and  other  genera  typical  of  the  Bhadtic  period,  are  also 
described  and  figured. 

Among  the  plants  of  the  Ecca  series,  in  addition  to  Olossopteris 
and  other  well-known  members  of  the  Glossopteris  flora,  several 
genera  of  considerable  importance  are  described  from  South  Africa 
for  the  first  time.  Neuropteridium  validum,  already  known  from 
beds  of  similar  age  in  India  and  South  America,  is  represented  by 
a  large  frond  of  which  a  figure  is  given.  A  new  species  of  Psygmo- 
phyllum,  P.  Icidsioni,  is  described ;  a  type  of  leaf  doubtfully  referred 
to  the  Ginkgoales,  which  also  occurs  in  the  Permo- Carboniferous 
rooks  of  Europe.  The  Lycopodean  genus  Bothrodendron,  represented 
by  a  new  species,  Bothrodendron  leslii,  is  recorded  for  the  first  time 
as  occurring  with  members  of  the  Glossopteris  fiora;  a  further 
example  of  the  association  of  northern  and  southern  generic  types  in 
the  Permo-Carboniferous  rocks  of  South  Africa. 

Lastly,  from  the  Witteherg  series  (?  Devonian),  an  obscure  fragment 
of  a  Lepidodendroid  plant  and  examples  of  Spirophyton  are  figured. 
The  nature  of  the  latter  is  discussed,  and  the  conclusion  is  held  that 
these  <  fossils '  do  not  represent  the  remains  of  plants. 
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III. — Anvals  of  th«  South  Afbioan  Musvum,  Vol.  IV,  Part  S : 
Bbaohiopoda  from  the  Bokkitkld  Bkd8  (pis.  xz-zxiti)  ;  Vf 
F.  R.  C.  Rbed,  M.A.,  F.G.S.— Part  4:    The  Tbilobitks  of 

THE    BOKKETELD    BbD8    (pls.    XXlT-XXviu)  ;    by    PHII.TP     luMXM^ 

M.A.,  F.O.S.^Part  6 :  Mollusoa  fbom  the  Bokkxtsxj>  Bem 
(pis.  xxx-xxxii) ;  by  F.  R  0.  Beed,  M.A.,  F.GA     190S-190i. 

rilHESE  three  papers  on  tbe  fanna  of  the  Bokkeveld  Beds  of 
JL  South  Afrioa  introduoe  to  us  a  namber  of  kitereBting  fornix 
many  of  whioh  are  new  species.  The  plates  of  illostrations  are  good, 
and  the  text  bears  eridenoe  of  very  oarefnl  work  on  the  part  of  the 
two  aathors.  The  Devonian  age  of  tlie  Bokkeveld  Beds  is  apparently 
settled,  and  the  authors  agree  in  stating  that  the  South  AiricEn 
species  of  this  date  show  a  remarkable  agreement  with  the  forms  of 
both  North  and  Soath  America,  and  yet  a  dissimilarity  from  those 
of  Europe.  This  is  the  oonolusion  of  Mr.  Beed  (pp.  192, 193)  from 
a  study  of  the  Braohiopods,  and  he  gives  a  comparative  tai>U  of 
the  South  African  and  South  and  North  Amerioan  speoiea.  TheE 
Mr.  Lake  says  of  the  Trilobites  that  they  show  "that  the  beds 
may  be  referred  with  certainty  to  the  Devonian,  and  it  is  probable 
that  they  belong  to  the  lower  division  of  that  formation.    Few  of  tbe 

forms  have  any  near  allies  in  Europe The  Phacopidae^ 

on  the  other  hand,  are  much  more  closely  allied  to  the  forms  which 
have  been  described  from  Brazil  and  Bolivia'*  (p.  202).  And  of 
the  Mollusca  Mr.  Reed  itays,  ''  I'he  evidence  of  the  Mollusoa  points 
the  same  way  as  that  of  the  Brachiopoda,  and  emphasizes  still 
more  strongly  the  affinities  of  the  fauna  with  that  of  the  Amerioan 
Continent"  (p.  269). 

One  irritating  practice  we  should  like  to  bring  to  the  notice  of 
the  editor  of  these  Annals — that  the  explanations  do  not  face  their 
own  plates ;  such  is  the  case  in  Parts  3  and  4,  but  in  Part  6  it  is 
accomplished  by  turning  one  plate  the  wrong  way  and  making  one 
leaf  do  double  duty.  Even  this  is  bad,  and  surely  it  is  not  worth 
the  paper  saved.  In  our  opinion  all  plates  should  faoe  the  same 
way ;  and  each  plate  should  have  its  own  flyleaf,  bearing  its  own 
explanation  and  no  more,  opposite  to  it  With  this  exception  both 
authors  and  editors  may  be  congratulated  on  an  excellent  publication. 
And  we  may  ask  why  the  British  Museum  of  Natural  History  does 
not  publish  similar  Annals,  and  so  make  known  to  the  world  the 
wealth  of  new  species  which  it  contains  ?  S.  S.  B. 


i^E:poI^Ts    j^istid    ipi^ooEEnDiisra-s- 


Gkologioal  Socikty  op  London. 

June  8th,   1904.—J.   E.   Marr,  Sc.D.,   F.RS.,  President,  in  the 
Chair.     The  following  communications  were  read : — 

1.  **The  Palaiontological  Sequence  in  the  Carboniferous  Limestone 

of  the  Bristol  Area."    By  Arthur  Vaughan,  Esq.,  B.  A.,  B.So.,  F.G.8. 

The  zonary  divisions  established  by  the  author  are  given  in  the 
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table  on  p.  101  ia  the  form  in  which  they  are  finally  set  ont,  after 
emendation  and  farther  revision  of  a  preliminary  working  system. 

For  several  reasons  the  author  chooses  the  corals  and  braohiopods 
as  zone  and  snb-zone  fossils,  and  he  has  selected  genera  for  zone- 
mdicee  and  oirculi  (or  species-groaps)  for  sab^zonal  indices.  A 
eiroulos  is  defined  as  an  aggregate  of  all  the  species  which  possess, 
in  common,  a  large  number  of  essential  properties,  and  are  the 
results  of  similar  chains  of  evolution.  To  secure  definitenesa 
photographic  figures  are  introduced,  not  only  to  Ulustrate  new 
specific  names,  but  to  convey  the  precise  sense  in  which  well-known 
specific  names  are  employed  in  the  paper.  The  relative  acceleration 
of  the  two  groups  employed  is  not  identical  in  different  localities,^ 
and  there  is  a  small  relative  displacement  of  one  group  upon  th& 
other,  even  within  the  area  considered  by  the  paper.    The  strata  in 
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which  the  iDdioes  of  two  raocessiye  sones  are  fonnd  to  overlap  ooe 
another  are  referred  to  as  '  horizon  a,  p^  7,'  etc. 

The  detailed  Btratigraphical  portion  of  the  paper  deals  with  all 
the  important  sections  and  isolated  exposures  in  the  Bristol  area : — 
The  Avon  section,  the  Sodbary  section,  the  Farland  area,  the 
Tytherington  section,  the  Olevedon  and  Portishead  area,  isolated 
exposures,  and  the  Backwell-Wrington  mass.  In  each  case  t^ere 
is  given  (1)  a  description  of  the  position  at  which  each  zone  or  snb- 
2one  is  exposed  and  of  its  lithology ;  (2)  a  list  of  the  corals  and 
brachiopods  found  in  the  zone  or  sub-zone,  with  notes  on  their 
abundance ;  (3)  a  comparison  with  the  same  horizon  in  other  parts 
of  the  Bristol  area,  and  notes  on  the  peculiarities  of  the  section 
under  discussion.  In  dealing  with  the  Avon  section  an  analysis  k 
given  of  Stoddart's  paper,  and  reference  is  made  to  his  coUeotion. 
The  details  of  this  portion  of  the  paper  are  next  summed  up  in 
tables  and  discussions  of  the  ranges  and  maxima  of  the  corals  and 
brachiopods  within  the  Bristol  area.  This  is  followed  by  a  com- 
parison of  the  last-named  area  with  that  of  the  Mendips,  resulting 
in  the  conclusion  that,  when  allowance  is  made  for  small  variations 
(which  are  tabulated)  the  palaeontological  sequence  agrees  remarkably 
in  the  two  areas. 

The  author  next  gives  a  summary  of  M.  Lohest's  discussion  of 
the  parallelism  of  the  Belgian  sequence  with  that  of  the  Avon 
section,  and  adopts  the  Belgian  divisions  of  Toumasian  and  Yisean 
for  the  lower  and  upper  parts  of  the  Carboniferous  Limestone 
A  comparison  is  also  instituted  with  M.  Mourlon's  grouping,  and  it 
is  remarked  that  the  Brachiopods  mentioned  by  M.  Monrlon  and 
Professor  Dewalque  occur  in  the  same  order  in  the  Bristol  area  as 
in  Belgium,  and  are  correspondingly  characteristic  of  the  beds. 
The  author  claims  that  in  the  area  with  which  he  deals,  bis  table 
of  ranges  is  sufficient  to  enable  any  worker  to  zone  any  exposure 
with  a  considerable  degree  of  accuracy.  In  conclusion,  notes  are 
given  on  all  the  important  species  and  circuli  dealt  with;  and 
descriptions  of  a  number  of  new  species,  circuli,  and  mutations. 

2.  **0n  a  small  Flesiosaurus  Skeleton  from  the  White  Lias  of 
Westbury-on-Sevem."    By  Wintour  Frederick  6 winnell,  Esq.,  F.G A 

The  remains  described  were  found  on  the  beach,  and  had  evidently 
recently  fallen  from  the  cli£f  above,  which  is  made  up  of  the  Upper 
BhsBtio  beds,  including  the  Estheria-hed  and  the  YHiite  Lias  Lime- 
stone. The  matrix  of  the  specimen  corresponds  with  the  White 
Lias  in  colour,  texture,  and  material,  and  it  is  similarly  traversed 
by  fissures  often  coated  with  dendrites.  The  remains  include  more 
than  twenty  small  dorsal  vertebras,  with  spinous  and  transveise 
processes,  lying  in  natural  sequence.  A  pseudomorph  of  the  spinal 
oord  in  caloite  occurs  also  in  position.  Several  slender  ribs,  and 
indications  of  other  bones,  probably  from  the  pectoral  or  pelvic 
arches,  also  occur  in  the  slab,  but  are  not  yet  worked  out  Hitherto 
only  single  vertebrsd  or  fragmentary  bones  of  Plestosatmu  have  been 
recorded  from  this  horizon  in  Britain.  At  present  it  has  not  been 
found  possible  to  assign  the  fossil  to  any  existing  species. 
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3.  '*  The  ETidenoe  for  a  Non-Seqnenoe  between  the  Eeuper  and 
Bhcetic  Series  in  North-West  Glouoestershire  and  Worcestershire." 
By  Linsdall  Kiohardson,  Esq.,  F.O.S. 

The  section  at  Wainlode  OHfif  shows  a  transition  in  the  '  Bone- 
bed  '  from  a  thin  pyritic  stratum  of  an  inch  or  so  in  thickness  and 
crowded  with  fish-remains  to  a  micaceous  sandstone-bed,  usually 
devoid  of  such  remains  and  about  a  foot  thick,  but  containing 
Strickland's  Ptdlastra  arenieola.  This  sandstone  is  seen  in  many 
Worcestershire  sections,  and  may  be  called  the  '  bone-bed  equivalent' 
Thus,  as  the  bed  which  is  full  of  vertebrate  remains,  or  the  Bone-bed 
(Bed  15  of  the  author's  sections),  can  be  traced  in  a  single  section 
laterally  into  a  sandstone-bed  devoid  of  those  remains,  the  con- 
temporaneity of  the  two  developments  is  considered  satisfactorily 
established.  Particular  stress  is  laid  upon  the  fact  that  above  this 
main  *  Bone-bed '  the  component  deposits  of  the  Rhaatic  are  remark- 
ably persistent,  while  below  it  such  persistency  is  not  found.  Black 
fihales  are  generally  present  below  the  Bone-bed  or  its  equivalent 
in  Worcestershire,  but  in  places  there  comes  in  a  sandstone  between 
them  and  the  *  Tea-green  Marls.'  At  Dunhampstead  the  Bhaatic 
rocks  are  thicker  than  at  any  other  locality  in  Worcestershire.  At 
Denny  Hill,  near  Gloucester,  the  '  Bone-bed '  rests  directly  on  the 
'  Tea-green  Marls ' ;  there  is  no  infra-Bone-bed  deposit  of  Rhaatic 
date.  At  Garden  Cliff,  however,  a  comparatively  thick  accumulation 
is  seen  in  that  position.  The  anticlinal  and  synclinal  areas  established 
in  the  Mid  and  North  Cottes wolds  by  Mr.  S.  S.  Buokman  are 
referred  to ;  and  it  is  found  that  the  greatest  thicknesses  of  the 
Rhaatic  rocks  under  the  Bone-bed  coincide  with  synclines,  and 
the  least  thicknesses  with  anticlines.  The  Moreton  and  Birdlip 
anticlines  are  especially  mentioned,  as  also  the  syncline  of  Cleeve 
Hill  and  that  between  Painswick  and  Stroud.  Thus  Dunhampstead, 
where  the  Rhaatic  deposits  below  the  Bone-bed  are  thicker  than 
anywhere  else  in  Worcestershire,  is  situated  on  a  continuation  of  the 
Cleeve  Hill  synclinal  axis ;  Denny  Hill,  where  the  '  Bone-bed  '  rests 
directly  upon  the  <  Tea-green  Marls,'  is  near  the  westward  con- 
tinuation of  the  Birdlip  anticline;  and  Garden  Cliff,  where  the 
infra-Bone-bed  deposit  is  thickest,  is  situated  on  a  continuation  of 
the  synclinal  axis  which  runs  near  Painswick.  Thus  the  earth- 
pressures  recognized  in  later  times  were  probably  at  work  at  the 
close  of  the  Eeuper  Period.  As  the  area,  once  covered  by  the  waters 
of  the  Eeuper  sea  and  the  diminished  representatives  of  that  sea 
in  the  form  of  lakes,  gradually  sank,  the  Rhadtic  ocean  slowly 
encroached  upon  the  land-surface,  flowing  up  the  depressions  in 
the  undulating  expanse  of  marls,  and  successive  overlaps  of  the 
several  infra-Bone-bed  deposits  resulted  :  the  greatest  overlap 
apparently  taking  place  during  the  formation  of  the  Bone-bed. 
At  those  localities  where  the  distribution  of  the  infra-Bone-bed 
deposits  indicates  elevation  of  the  Eeuper  Marls  in  immediate  pre- 
Rhaotic  times,  it  is  noticeable  that  there  is  also  a  non-sequence  at 
the  base  of  the  Lias. 
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THE  *YOREDALE'  ROCKS  OF  NORTH  DERBYSHIRE. 

Sn, — I  was  pleased  to  see  in  your  last  issue  Mr.  J.  A.  Howe's- 
protest  against  the  application  of  the  term  <  Yoredale '  to  the  series 
of  rooks  which  are  found  between  the  Millstone  Grits  Series  and 
the  Massif  of  North  Derbyshire. 

The  name  'Yoredale'  was  first  used  geologically  by  Phillips  in 
his  ''  Oeology  of  Yorkshire/'  pt  ii,  pp.  86-7,  and  he  leaves  no  donbt  a» 
to  the  character  of  the  groap  of  rocks  to  which  he  applied  the  term. 
''  We  shall  choose  as  a  general  standard  of  reference  for  this  complex 
series  of  rocks,  that  district  where  this  character  of  complexity  is 
the  greatest  The  upper  end  of  Wensleydale  is  adopted.  The  total 
thickness  of  the  Upper  Limestone  Series  in  this  situation  is  about 
one  thousand  feet,  and  it  consists  of  the  following  groups— constituting^ 
what  I  term  the  Yoredale  Series,**  Hereafter  follows  the  succession 
of  the  beds  from  the  Main  Limestone  to  the  shales  below  the 
Hardraw  Scar  Limestone  of  that  district,  a  series  having  perfectly 
definite  lithological  and  palsoontological  characters,  and  anyone  who 
has  visited  the  vale  of  the  river  Ure  will  have  been  delighted  with 
the  '  coontry '  selected  as  the  '  type.' 

Unfortunately  for  students,  however,  Phillips  also  described,  as 
bdonging  in  part  to  the  Yoredale  Series,  another  and  widely  diflerent 
development  of  rocks,  whose  position  had  evidently  puzzled  him 
greatly,  for  their  description,  with  peculiar  inconsistency  on  the 
ftuthor's  part,  conies  under  the  heading  **  Millstone  Grit  Series  in 
Craven  "  (p.  72).  It  is  this  development  whose  correlative  occurs 
in  the  Peak  District,  but  whidi  is  totally  unrepresented  in  the 
Yoredale  area,  and  which,  for  that  reason,  it  is  wrong  to  denominate 
'Yoredales.'  Farey's  term,  'the  limestone-shales,'  although  by  no 
means  an  ideal  name  for  the  group,  has  right  of  priority,  and  at 
any  rate  possessed  the  negative  vii*tue  of  causing  no  confusion  or 
misoooc^tion  as  to  the  character  or  position  of  the  measures ;  nor 
did  it  commit  the  user  to  any  theories. 

The  series  under  discussion  is  a  very  important  one,  whose 
thickness  in  places  is  1500  feet;  it  gives  to  the  localities  of  its 
development  surface  features  which  are  totally  different  to  those 
of  the  typical  Yoredale  country ;  it  contains  a  characteristic  fauna ; 
and  it  is  worth  a  distinctive  name. 

Familiarity  with  both  types  leads  me  to  commend  the  wisdom 
of  selecting  such  a  name  as  *  Pendleside  Series '  for  this  group, 
and  I  believe  the  distinction  thus  marked  cannot  fail  to  be  of  service 
to  workers  in  the  science.  Jobh  T.  Stobbs. 

Dtkblin,  Baspoed  Park,  Stoke -on-Tbent. 
2lttJmly,  1904. 
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!«-* Eminent  Lr?iNG  Osolooists: 

WlLFBID  HUDLKSTON   HUDLSSTON,  J.P.,  M.A.,   F.R.S.,  F.L.S., 

F.G.S.,  RC.S.,  eta, 
(WITH   A  PORTRAIT,^    PLATE   XIV.) 

GEOLOGY  is  a  soienoe  which  owes,  not  only  its  inoeptioo,  but  its 
oontinaed  existence  largely  to  its  non-professional  disciples  and 
lovers.  In  fact,  of  the  two  classes  existing  at  the  present  time,  the 
*  amateur '  and  the  '  professional,'  it  would  by  no  means  be  difficult 
to  show  that  the  former  gave  birth  to  th^  latter,  and  that  some  of 
the  best  living  professional  geologists  have  been  recruited  from  the 
ranks  of  the  amateur  class.  To  a  small  band  of  early  amateurs  we 
are  indebted  for  the  foundation  alike  of  the  Geological  Society  and 
the  Geological  Survey  in  this  country. 

At  the  beginning  of  the  last  century — indeed,  during  the  first  half 
of  it — geological  teachers  were  scarce,  and  Natural  Science  had  not 
attained  a  recognised  position  in  our  public  schools.  But  for  the 
early  training  received  from  William  Smith  (known  as  ''  the  father 
of  English  geology  ")  we  might  never  have  heard  of  his  distinguished 
nephew.  Professor  John  Phillips.  Nor  can  we  omit  to  re^l  the 
illustrious  names  of  Hutton,  MaccuUoch,  Greenough,  Conybeare, 
Fitton,  Broderip,  Darwin,  Godwin- Austen,  Fisher,  Sorby ;  with 
Buckland,  Sedgwick.  Phillips,  Forbes,  Morris,  Prestwich;  Green, 
Bonney,  and  Nicholson,  among  our  past  University  Lecturers ; 
and  De  la  Beche,  Griffith,  Portlock,  Murchison,  Bamsay,  Jukes, 
and  Geikie,  as  leaders  of  Surveys;  and  Hutton.  Lyell,  Poulett- 
Scrope,  Huxley,  Geikie,  and  others,  among  our  classical  geological 
writers,  most  of  whom  studied  geology  and  palsdontology  in  their 
early  years  as  amateurs,  and  several  of  whom  remained  so  all 
their  lives. 

Now,  all  is  changed.  Owing  to  the  numerous  centres  for  public 
instruction  and  the  introduction  of  Natural  Science  teaching  in  our 
Universities,  a  large  number  of  fully  trained  geological  students  is 

^  The  portrait  of  Mr.  Hadleeton  is  reproduced  by  kind  jpermisBion  of  *'Th& 
Biographical  Preaa  Agency,"  16,  Henrietta  Street,  Strand,  W.C.— Ed.  Geol.  Mao. 
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being  tarned  oat  annually  ''  for  home  and  colonial  oonsumption," 
and  we  need  no  longer  rely  idtogether  upon  the  casual  crop  of 
young  men  having  an  innate  love  of  the  scienoe,  which  may  prompt 
them  to  take  up  geology  because  they  are  interested  in  it  Many» 
indeed,  nowadays  may  be  ''called/'  but  possibly  not  all  those 
**  chosen  "  have  a  genuine  love  for  the  science  they  affect 

It  is  pleasant  to  record  the  scientific  services  of  one  who,  while  he 
belongs  to  the  non-professional  class  of  geologists,  has  yet  achieved 
a  very  large  amount  of  most  ezoellent  work,  both  in  geology  and 
palsBontology,  and  has,  by  his  merit,  won  for  himself  the  blue  ribbon 
of  the  scienoe.  Wilfrid  Hudleston  Hudleston  (formerly  Simpson) 
was  the  son  of  Dr.  John  Simpson,  of  Enaresborough,  who  married 
Elisabeth  Ward,  heiress  of  the  Hudlestons  of  Oumberland,  and  by 
letters-patent  assumed  the  name  of  Hudleston  in  1867.  Wilfrid,  the 
eldest  son,  was  born  at  York  on  June  2Dd,  1828,  being  the  descendant 
of  three  generations  of  Yorkshire  <  medicine-men.'  From  1831  to 
1834  his  parents  resided  at  Harrogate,  where  he  remembers  meeting 
his  first  playfellow,  Henry  Clifton  Sorby — afterwards  a  distinguished 
geologist,  an  LL.D.,  F.R.S.,  and  President  (1878-80)  of  the 
Qeological  Society  of  London — then  a  schoolboy  in  the  neighbourhood. 
Young  Simpson  received  his  early  education  at  St.  Peter*s  School, 
York,  from  which  he  was  transferred  to  Uppingham  School,  and 
subsequently  entered  St.  John's  College,  Cambridge,  where  he 
graduated  B.A.  in  1850.  As  a  boy  and  an  undergraduate  he 
evinced  no  special  predilection  for  geology  beyond  a  strange  boyish 
curiosity  to  know  what  the  earth  was  made  of.  In  his  last  term  at 
Cambridge  he  attended  Sedgwick's  lectures,  and  was  much  impressed 
with  the  manner  and  appearance  of  that  distinguished  geologist.  On 
leaving  Cambridge  he  devoted  some  time  to  the  study  of  the  Law, 
and  was  called  to  the  Bar  in  1853,  but  never  pi-actised.  A  consider- 
able portion  of  the  twelve  years  1850-1862  was  spent  in  foreign 
travel  in  various  parts  of  Europe  and  North  Africa. 

Mr.  Simpson  accompanied  Professor  Alfred  Newton,  of  Cambridge, 
and  Mr.  John  WoUey,  in  the  pursuit  of  Ornithology,  to  Lapland, 
spending  the  Summer  of  1855  in  that  country.  He  subsequently 
explored  the  Eastern  Atlas,  Algeria,  in  company  with  Canon 
Tristram  and  Mr.  Osbert  Salvin.  Afterwards,  more  than  twelve 
months  were  occupied  in  travels  and  collecting  in  Greece  and 
Turkey.  During  this  time  attention  was  given  to  the  physical 
and  geological  features  of  the  various  countries  visited,  but 
Ornithology  occupied  a  foremost  place. 

From  1862  to  1867,  his  long  period  of  distant  travel  being  mostly 
over,  Mr.  Simpson  began  a  special  course  of  scientifio  studies, 
selecting  more  particularly  Natural  History  and  Chemistry.  During 
this  time  he  studied  at  Edinburgh  under  Play  fair  and  Stephenson 
Macadam,  and  subsequently  for  three  sessions  at  the  Royal  College 
of  Chemistry  in  London  under  Hofifmann,  Frankland,  and  Valentine. 
At  that  time  he  was  undecided  whether  to  take  Chemistry  or 
Qeology  as  his  principal  subject,  when  an  accident  determined  his 
studies  in  favour  of  the  latter.     Mr.  Simpson  had  the  good  fortune  to 
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meet  Marshall  Hall  at  Ohamooniz  in  the  Sommer  of  1866,  and  on 
<heir  return  to  England  he  was  speedily  introdnoed  to  many  persons 
(interested  in  geologioal  scienoe,  of  whom  Professor  John  Morrir 
may  be  regarded  as  the  chief.  There  are  still  many  who  oan  recall 
the  remarkable  magnetic  attraction  of  Morris  over  his  pupils  and 
associates,  and  this  was  just  the  kind  of  influence  which  Mr.  Simpson, 
now  become  Mr.  Wilfrid  Hudleston,  required  to  enlist  him  as  a 
geologioal  recruit  and  in  due  course  to  make  him  a  "  knight  of  the 
hammer**  for  the  rest  of  his  life.  A  close  fHendship  was  at  once 
formed,  wliich  was  only  terminated  by  the  death  of  Morris  in  1886. 
In  1867  Mr.  Simpson  (a  fortnight  only  before  he  changed  his  name 
tf)  Hudleston)  was  elected  a  Fellow  of  the  (Geological  Society  of 
London,  and  fonr  years  later  he  became  a  member  of  the  Geologists' 
Association. 

Abont  this  period,  1867-71,  Professor  Morris  was  in  the  habit  of 
extending  his  geologioal  excursions  far  into  the  country,  and  out 
of  this  practice  grew  the  improved  excursions  of  the  Oeologists* 
Association,  which,  under  various  leading  geologists,  offered,  with- 
out exception,  the  best  instruction  in  geology  which  could  be 
obtained,  "  at  the  bed-side  "  !  Mr.  Hudleston  was  not  slow  to  profit 
by  these  excursions,  and  when  he  became  Secretary  in  1874  his 
•interest  was  further  enhanced  by  preparing  reports  on  the  various 
districts  visited,  some  of  which  attain  the  dimensions  of  a  respectable 
memoir.  It  was  not  until  1872  that  he  ventured  on  publication, 
and  it  may  be  noticed  of  many  of  his  earlier  papers  that  they  have 
a  decided  bias  towards  chemical  geology,  in  which  subject  he  always 
took  a  deep  interest.  His  papers  on  "The  Yorkshire  Oolites"  (1873-8) 
and  ''  The  Oorallian  Bocks  of  Bngland  "  (written  in  conjunction  with 
Professor  J.  F.  Blake,  1877)  soon  established  his  reputation  as  one 
of  our  leading  geologists. 

In  1881  Mr.  Hudleston  was  elected  President  of  the  Oeologists* 
Association,  in  which  body  he  had  already  served  the  office  of 
Secretary  for  three  years,  from  1874  to  1877,  during  which  time, 
besides  the  duties  of  his  office,  he  organised  the  excursions,  prepared 
the  reports,  and  carefully  recorded  the  scientific  work  accomplished, 
earning  for  himself  (said  Mr.  Oarruthers)  ''  the  lasting  gratitude  of 
the  Association  "  (see  Annual  Beport,  1877,  vol.  v,  p.  76).  The 
Reports  of  Excursions  directed  by  him  are  full  of  original 
observations,  notably  those  relating  to  the  Vale  of  Wardour  (1881) 
and  the  West  Riding  of  Yorkshire  (1882).  The  cordial  relations 
which  have  always  existed  between  Mr.  Hudleston  and  the 
(j^logists'  Association  were  further  evinced  in  March,  1892,  when 
an  illuminated  address  of  congratulation  on  his  recent  election  to 
the  chair  of  the  (Geological  Society,  signed  by  a  numerous  body  of 
members,  was  presented  to  him  by  Professor  Blake,  then  President 
of  the  Association. 

Mr.  Hudleston  resided  for  many  years  in  Oheyne  Walk,  Chelsea, 
but  in  1883  he  removed  to  Oatlands  Park,  Surrey.  This  rustication, 
however,  interfered  with  his  scientific  engagements,  and  he  again 
took  up  his  residence  in  town,  at  8,   Stanhope  Gardens,  South 
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Kensington.  In  1890  he  married  Miss  Bose  Benson,  second 
daughter  of  the  late  William  Hey  wood  Benson,  Esq.,  of  Littlethorpe, 
near  Bipon. 

On  the  death  of  his  old  friend,  Professor  Morris,  in  1886,  Mr. 
Hudleston  suooeeded  him  as  one  of  the  Editors  of  the  Okologioal 
Magazink,  to  which,  sinoe  1879,  he  has  been  a  frequent  oontributor. 

He  is  a  keen  student  x>f  reoent  and  fossil  mollusca,  and  was  one 
of  the  founders  of  the  Malaoologioal  Society. 

In  1886  accompanied  by  his  friends  Dr.  Henry  Woodward.  F.B.S., 
and  Mr.  C.  E.  Bobinson,  Memb.  Inst  O.E.,  Mr.  Hudleston  made 
some  experimental  dredgings,  with  the  aid  of  a  Brixham  trawler 
and  her  crew,  along  the  English  Channel  and  in  and  near  Torbay, 
for  the  purpose  of  studying  marine  mollusca  and  observing  their 
living  habitats ;  and  in  the  following  year  he  engaged  a  Orimsby 
steam-trawler  and  her  crew,  and,  accompanied  by  Mr.  0.  E.  Bobinson 
and  the  late  lamented  Martin  F.  Woodward,  of  the  Boyal  Collie 
of  Science  (second  son  of  Dr.  Henry  Woodward),  he  spent  three 
weeks  in  a  dredging  cruise  in  the  English  Channel  to  the  west  of 
jPortsmouth  and  along  the  French  coast. 

In  1886  Mr.  Hudleston  became  one  of  the  Secretaries  of  the 
(Geological  Society  of  London,  an  office  which  he  continued  to 
hold  until  1890.  Following  Sir  Archibald  Geikie,  D.Sc,  LL.D., 
F.B.S.,  Mr.  Hudleston  was  in  1892  elected  to  fill  the  office  of 
President,  and  during  the  two  years  in  which  he  occupied  the  chair 
he  delivered  two  important  Addresses,  dealing  with  the  recent  work 
of  the  (Geological  Society,  which  he  passed  critically  in  review, 
taking  the  papers  on  Tertiary  and  Secondary  formations  in  1893  and 
those  on  the  Palsdozoic  and  Fundamental  rocks  in  1894. 

Three  years  later,  in  1897,  Mr.  Hudleston  was  awarded  the  highest 
honour  which  the  Council  could  bestow,  the  Wollaston  Gold  Medal  of 
the  Qeological  Society,  in  recognition  of  his  valuable  contributions  to 
our  knowledge,  treating  of  chemical,  mineralogical,  palsdontological, 
and  stratigraphical  geology.  Special  reference  was  made  to  bis* 
«  Monograph  on  the  Inferior  Oolite  Oasteropoda,"  which  contained 
no  less  than  514  quarto  pages  of  letterpress  and  44  quarto  plates  of 
fossils.  The  labour  involved  in  collecting,  cleaning,  and  developing 
the  Oolitic  Gasteropoda  procured  for  this  work,  all  of  which  are  now 
arranged  in  his  private  Museum  in  Stanhope  Gardens,  occupied 
Mr.  Hudleston,  with  the  co-operation  of  A.  H.  Bloomfield,  Henry 
Keeping,  B.  Beynolds,  Peter  CuUen,  and  others,  over  a  period  of 
twenty  years,  fresh  excavations  having  occasionally  been  made 
in  quest  of  new  species  or  to  obtain  better  examples  of  those  already 
known.  In  addition  to  this,  some  private  collections,  including  those 
of  Mr.  S.  S.  Buckman  and  Mr.  Darrel  Stephens,  were  acquired  by 
purchase.  The  Gasteropoda  alone  number  many  thousand  specimens, 
carefully  labelled  and  arranged,  the  'types'  being  all  specially 
marked.  It  is  not  too  much  to  say  that  this  was  in  all  respects 
a  model  of  what  a  monograph  should  be.  No  previous  author  had 
taken  such  pains  to  verify  in  the  field  the  horizons  from  which  the 
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fossils  had  been  obtained,  nor  studied  more  folly  the  Continental 
types  figured  from  equivalent  strata. 

Early  in  January,  1895,  Mr.  Hudleston,  accompanied  by  his  wife 
and  his  friend  Professor  J.  F.  Blake,  F.Q.S.,  left  London  for 
Bombay,  where  they  arrived  towards  the  end  of  the  month.  After 
leaving  Professor  Blake  duly  installed  as  organizing  Curator  of 
the  Museum  at  Baroda,  to  which  he  had  just  been  appointed, 
Mr.  Hudleston  continued  his  journey  towards  the  north-west  frontier 
of  India,  llie  geological  results  of  this  expedition  are  embodied 
in  the  second  part  of  his  paper  **  Notes  on  Indian  Gbology,'*  read 
before  the  Geologists*  Association  during  the  presidency  of  the  late 
<leneral  C.  A.  MoMahon,  December,  1895  (see  Proc.  GeoL  Assoa, 
xiv,  pt.  6,  February,  1896),  who  himself  contributed  an  appendix 
on  some  of  the  rock-specimens  collected.  After  making  a  rush  for 
Simla,  which  is  by  no  means  an  agreeable  place  in  February, 
Mr.  and  Mrs.  Hudleston  proceeded  across  the  Punjab  to  the  banks  of 
the  Jhelum.  Here  they  had  an  opportunity  of  ascending  Mt  Tilla, 
the  eastern  extremity  of  the  Salt  Bange,  and  thence  transferred 
their  base  of  operations  to  Bawal  Pindi,  whence  Jamrood,  Abbotabad, 
Murree,  and  finally  Srinagar  itself  were  visited. 

Mr.  Hudleston  has  been  invited  to  preside  over  or  take  part  in 
the  Councils  and  Committees  of  numerous  scientific  Societies.  He 
was  elected  President  of  the  Devonshire  Association  for  the  Advance- 
ment of  Science,  Literature,  and  Art,  of  the  Yorkshire  Naturalists* 
Union,  and  of  the  Malton  Field  Naturalists'  Society ;  and  has  for 
«ome  years  past  acted  as  a  Vice-President  of  the  Dorset  Natural 
History  Field  Club.  He  has  been  a  member  of  the  Council  of  the 
Royal  Geographical  Society,  and  was  President  of  the  Geological 
Section  of  the  British  Association  at  Bristol  in  1898. 

Quite  recently  Mr.  Hudleston  achieved  an  excellent  piece  of 
field  geology  by  investigating  the  structure  of  Creechbarrow-in- 
Purbeok  (see  Gkol.  Mag.,  1902,  pp.  241-256,  and  1903,  pp.  149-154^ 
197-203),  which  affords  an  object-lesson  for  younger  hammerers 
to  take  pattern  by. 

The  accompanying  list  of  Mr.  Hudleston's  more  important  papers 
will  best  attest  the  energy  and  ability  of  their  author,  and  the  pleasure 
-which  he  still  continues  to  take  in  all  the  scientific  questions  of 
the  day. 

Of  these  58  memoirs  and  papers,  extending  over  a  period  of  32 
years,  the  last  appeared  so  recently  as  July  of  the  present  year 
(see  Gkolooioal  Magazink,  No.  481,  pp.  337-382),  and  deals 
with  ''  the  Tanganyika  problem,"  and  is  a  most  valuable  con- 
tribution to,  as  well  as  a  criticism  of,  Mr.  J.  E.  S.  Moore's 
recently  published  work  on  this  subject  Indeed,  we  have 
the  testimony  of  Professor  Comet  himself  upon  this  point  In 
the  first  place  Mr.  Hudleston  enters  upon  a  critical  examination 
of  the  peculiarly  manne-looking  gasteropod  shells  which  are 
thought  by  Mr.  Moore  to  be  homoeomorphic  with  certain  shells 
from  beds  of  the  Inferior  Oolite  of  Western  Europe,  and  are  thus 
inferentialiy  regarded  as  descendants  of  those  forms.   Mr.  Hudleston 
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finds  that  the  evidenoe  of  aa  cuioestral  oonneotion  between  certain 
of  these  halolimnic  genera  (namely,  Typkobia,  Bathanalia,  lAmno- 
troehuif  Chyira^  Faramelania,  Bythoceras,  Tanganyicia,  Spehia,  and 
JSfassopnt)  is  not  nearly  so  strong  as  was  anticipated  from  the 
inferences  already  drawn  by  Mr.  Moore ;  nevertheless,  a  fairly  good 
prtmd/ade  case  for  the  originally  marine  origin  of  these  exceptional 
organisms  has  been  made  out  by  Mr.  Moore,  bnt  the  supposed 
oonneotion,  in  long  ages  past,  of  Lake  Tanganyika  with  an  arm 
of  the  Jurassic  sea  is  held  to  be  highly  improbable,  if  not  wholly 
impossible.  In  the  second  place  Mr.  Hudleston  has  collected  together 
much  of  the  scattered  evidence  as  to  the  geological  history  of  this 
vast  Lake-area,  some  of  which  had  escaped  Mr.  Moore's  notice, 
especially  the  works  of  Professor  Comet  of  Mens,  M.  Barrat,  and 
Mr.  Molyneux,  etc. 

From  a  general  consideration  of  the  case  it  is  apparent  that  the 
great  longitudinal  faults,  folds,  furrows,  or  "graben,"  as  they  are 
named,  in  which  Tanganyika  and  the  other  li^es  lie,  are  not  older 
fhan  the  Tertiary  period,  and  cannot  therefore  have  formed  a  refage 
in  Secondary  times  for  the  remnant  of  an  old  Jurassic  marine  fauna 
in  its  hollows.  Indeed,  it  seems  probable  that  a  large  portion  of 
the  elevated  interior  region  (composed  of  Archaean,  Granitoid,  and 
other  ancient  rooks)  may  have  been  a  land-area  from  Triassic  times 
or  even  earlier. 

A  magistrate  and  a  landed  proprietor  in  Dorsetshire  and  the 
West  Biding  of  Yorkshire,  Mr.  Hudleston  is  a  keen  sportsman, 
loving  both  fishing  and  shooting,  and  divides  his  time  between  his 
country  house  at  West  Holme,  near  Wareham,  Dorset,  and  his  town 
residence,  and  still  enjoys  the  meetings  of  the  Oeological,  the 
(Geographical,  and  other  Societies,  in  the  work  of  which  be  feels 
the  same  enthusiasm  as  of  old. 
UST  OF  GEOLOGICAL  PAPEES,  ETC.,  by  WILFRID  H.  HUDLESTON. 

1S72.    (With  Mr.  F.  G.  H.  Prioe)  ''ExoavatioiiB  on  the  Site  of  the  New  Law 

Courts*' :  Proo.  Geol.  Assoc.,  toI.  ill.  p.  43. 
1873-8.    "The  Yorkshire  Oolites":  Proc.  Geol.  Assoc.,  toI.  iii,  p.  283 ;  toI.  it, 

p.  353 ;  Tol.  V,  p.  407. 

1874.  Beports  of  Ezcunioxis  to  Oxford  and  Northamptonshire :  Proc.  Geol.  Assoc, 

Tol.  iT.  pp.  91  and  123. 

1875.  Beports  of  fzcursions  to  the  Isle  of  Thanet,  to  Chamwood  Forest,  and  to 

East  Yorkshire :  Proc.  Geol.  Assoc.,  vol.  It,  pp.  264,  307,  and  326. 

1875.  Appendix.    [On  the  Occorrence  of  Phoq>hatee  in  Cambrian  Bocks.]    Quart. 

Joum.  Geol.  Soc.,  vol.  xxxi,  p.  876. 

1876.  Beports  of  Excursions  to  the  Medway,  to  Beading,  and  to  Swindon-Faringdon : 

Proc.  Geol.  Assoc.,  toI.  iv,  pp.  603,  519,  648. 

1877.  (With  the  Ber.  J.  F.  BUke)  **  The  Corallian  Bocks  of  England  '* :   Quart. 

Joum.  Geol.  Soc.,  toI.  xxxiii,  p.  260. 
1877.    (With  Mr.  Darey)  Beport  of  an  Excursion  to  Wantage :  Proc.  GeoL  Assoc., 
TOl.  T,  p.  137. 

1877.  Appendix.    [Chemical  Composition  of  some  Lizard  Bocks.]    Quart.  Joum. 

Geol.  Soc.,  Tol.  xxxiii^.  924. 

1878.  Beport  of  an  Excursion  to  Chipmng  Norton :  Proc.  Geol.'As^.,  toI.  t,  p.  378. 

1878.  «  Oneiss  Bocks  of  the  North-West  Highlands '' :  Proc.  Geol.  Assoc.,  toI.  ri^ 

p.  47.  ^ 

1879.  Benew  of  Daubr^'s  <<G4ologie  exp^rimoitale  " :   Gbol.  Mao.,  Deo.  II,. 

Vol.VI,p.42L  ^        *^ 
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1879.  Befiew  of  Stenj  Hunt's  Ghemioal  and  Geological  Essays :    6iol.  Mao., 

Dec.  II,  Vol.  VI,  p.  654. 

1880.  Beports  of  Excursions  to  Oxford  and  Aylesbory :  Proo.  Geol.  Assoc.,  toI.  li, 

pp.  338  and  844. 
1880-1.    '*  Uorallian  Gasteropoda  of  Yorkshire  " :  Gbol.  Mao.,  Dec.  II,  Vol.  VII, 
p.  241 ;  Vol.  Vllf,  p.  119. 

1881.  Beport  of  an  Excursion  to  Salisbury,  Stonehenge,  etc. :  Proe.  Geol.  Assoc., 

Tol.  yii,  p.  134. 
1881.    *<  On  the  Geology  of  the  Vale  of  Wardour** :  Proo.  Geol.  Assoc.,  toI.  Til, 

p.  161. 
1881.    Benew  of  Wallace's  « Island  Life":   Gbol.  Mao.,  Dec.  II,  Vol.  VIII, 

p.  84. 
1881.    <<  Gasteropoda  of  the  Portland  Bocks" :  GnoL.  Mao.,  Dec.  II,  Vol.  VIII, 

p.  385. 
1881.    Notes  on  the  Geology  of  Keswick,  and  Beport  of  an  Excursion  to  tiie  Lake 

District:  Proc.  Geol.  Assoc.,  vol.  Tii,  pp.  213  and  236. 

1881.  Presidential  Address  on  *<Deep  Sea  Inyee&gation  ** :    Proc.  Geol.  Assoc., 

Tol.  Til,  p.  246. 
1882-6.    **  Gasteropoda  of  the  Oxfordian  and  Lower  Oolites  of  Torkshire  " :  Gbol. 

Mao.,  Dec.  II,  Vol.  IX,  pp.  146,  193,  and  246 ;    Dec.  Ill,  Vol.  II, 

pp.  49,  121,  161,  201,  and  262. 
1S82.    Benew  of  King  and  Bowney's  work  on  the  so-called  Bozoan  Omtadmmi 

Gbol.  Mao.,  Dec.  II,  Vol.  IX,  p.  231. 

1882.  Beport  of  an  Excursion  to  the  Isle  of  Purbeck :  Proc.  Geol.  Assoc.,  toI.  Tii, 

p.  377. 
1882.    Beport  of  an  Excursion  to  the  West  Biding  of  Yorkshire:  Proc.  Geol.  Assoc., 

Tol.  vii,  p.  420,  and  Proc.  Yorks.  Geol.  Soc.,  toI.  for  1882,  p.  113. 
1882.     <*  First  Impressions  of  Assynt  *' :  Gbol.  Mao.,  Dec.  II,  Vol.  IX,  p.  390. 

1882.  Presidential  Address  on  <*The  Geoloey  of  Palestine"  :  Proc.  Geol.  Assoc., 

Tol.  Tiii,  p.  1,  and  Proc.  Yorks.  Geol.  Soc..  vol.  for  1888,  p.  174. 

1883.  <* Notes  on  the  Diamond  Bock  of  South  Africa":    Proc.  Geol.  Assoc., 

▼ol.  Tiii,  p.  66. 
1883.    <'  On  a  recent  Hypothesis  with  respect  to  the  Diamond  Book  of  S.  Africa  "  s 

Min.  Mag.,  toI.  t, jp.  199. 
1883.    *<0n  a  Collection  of  Fossils  and  Book-specimens  from  West  Australia  ": 

Quart  Joum.  Geol.  Soc.,  toI.  xxxix,  p.  682. 

1883.  BeTiew  of  Barrois'  "  Geology  of  the  Asturias,  etc." :  Gbol.  Mao.,  Dec.  II, 

Vol.  X,  p.  273. 

1884.  BeTiew  of  Sterry  Hunt's  '< Geological  History  of  the  Serpentines" :  Gbol. 

Mag.,  Dec.  Ill,  Vol.  I,  p.  276. 

1884.    « Molluscs  from  South  Australia*' :  Gbol.  Mao.,  Dec.  Ill,  Vol.  I,  p.  339. 

1884.    Presidential  Address  to  the  Malton  Field  Naturalists'  Societr ;  Malton,  1886. 

1886.  **  Further  Notes  on  the  Geology  of  Palestine  "  :  Proc.  Geol.  Assoc.,  toI.  ix, 
p.  77.  On  p.  101  of  this  Tolume  the  analogy  between  the  Jordan  Vallev 
tissure  and  the  East  A^ican  fissure  lakes,  such  as  L.  Baringo,  is  suggested. 

1886.  (With  Mr.  H.  B.  Woodward)  Beport  of  an  Excursion  to  Sherborne  and 

Bridport:  Proc.  Geol.  Assoc.,  toI.  ix,  p.  187. 
1886-7.     ''  On  a  Becent  Section  through  Walton  Common,"  and  furth^  notice : 

Quart.  Joum.  Geol.  Soc.,  toI.  xlii,  p.  147,  and  toI.  xliii,  p.  443. 
1887-96.    Monograph  of  the  Gasteropoda  of  the  Inferior  Oolite :  Palseontographical 

Society. 

1887.  Beport  of  an  Excursion  to  Aylesbury :  Proc.  Geol.  Assoc.,  toI.  x,  p.  166. 
1889.  Beport  of  an  Excursion  to  Weymouth:  Proc.  GeoL  Assoc.,  toI.  xi,  p.  49. 
1889.     ''  Geological  History  of  Iron  Ores  "  (being  the  Presidential  Address  deliTcred 

to  the  Yorkshire  Naturalists'  Union  at  Sheffield  in  NoTcmber,  1888)  : 
Proc.  Geol.  Assoc.,  toI.  xi,  p.  104. 

1889.  Presidential  Address  to  the  DoTonshire  Association  (TaTistock) :  Trana.  Dot. 

Assoc.,  Tol.  xxi,  p.  26,  and  Gbol.  Mao.,  Dec.  Ill,  VoL  VI,  pp.  600 
and  668. 

1890.  <*MoUusca  from  South  Australia":  Gbol.  Mao.,  Dec.  Ill,  Vol.  VH,  p.  341. 
1892.     (With  Mr.  E.  Wilson)  <<A  Catalogue  of  British  Jurassic  Gasteropoda": 

Dulau  &  Co. 
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1893-4.  Two  Preddential  Addreeses  to  the  Geolorical  Society  of  London  on  **  Some 
Recent  Work  of  the  Society  " :  Quart  Joum.  Geol.  Soc.,  vol.  xlix,  Proc., 
jp.  65,  and  vol.  l,  Proc.,  p.  58. 

1895.  **  Notes  on  Indian  Geology,  including  a  Visit  to  Kashmir  "  :   Proc.  Oeol. 

Assoc.,  vol.  ziv,  p.  226. 

1896.  (With  Mr.  Monckton)  Report  of  an  Excursion  to  Swanage,  Gorfe  Castle, 

Kimeridge,  etc. :  Proc.  Geol.  Assoc.,  vol.  xiv,  p.  312. 

1897.  Review  of  Dr.  C.  Irons'  **Life  and  Work  of  Dr.  CroU":   Geol.  Mao., 

Dec.  IV,  Vol.  IV,  p.  71. 

1898.  Address  to  the  Geological  Section  of  the  British  Association  at  Bristol : 

Report  (Trans.  Sect  C),  p.  862,  and  Gbol.  Mag.,  Dec.  IV,  Vol.  V, 
p.  458. 

1899.  "On  the  Eastern  Margin  of  the  North  Atlantic  Basin":    Gbol.  Mag., 

Dec.  IV,  Vol.  VI,  pp.  97  and  145. 

1901.  (With  others)  "A  Day  in  West  Purheck":    Proc.  Dorset  Field  Club, 

vol.  ixii,  p.  liv. 

1902.  (With  General  C.  A.  McMahon)  **  Fossils  from  the  Hindu  Khoosh  "  :  Gbol. 

Mag.,  Dec.  IV,  Vol.  IX.  pp.  3  and  49. 
J902.     *'  Creeohbarrow ;  an  Essay  in  Flirbeck  Geology  " :   Proc.  Dorset  Field  Club, 
vol.  zxiii,  p.  146.    See  also  Gbol.  Mag.,  Dec.  IV,  Vol.  IX,  p.  241,  and 
Vol.  X,  pp.  149,  197. 

1902.  Review  of  B^iatuid's  '< Panama'*  (a  memoir  published  in  1899):    Gbol. 

Mao.,  Dec.  IV,  Vol.  IX,  p.  419. 
1908.    "  Chesil  Beach  " :  Proc.  Dorset  Field  Club,  vol.  xxiv,  p.  1. 

1903.  Review  of  Tempest  Anderson's  **  Volcanic  Studies  "  :  Geol.  Mao.,  Dec.  IV, 

Vol.  X,  p.  160. 

1904.  Review  of  Messrs.  Freshfield  &  Garwood's  "  Round  Kanchenjunga  " :  Geol. 

Mao.,  Dec.  V,  Vol.  I,  p.  74. 
1904.    "On  the  Origin  of  the  Marine  (Halolimnic)  Fauna  of  Lake  Tanganyika " : 
Trans.  Victoria  Inst,  for  1904,  and  as  a  Supplement  in  the  Jmy  number 
of  the  Gbol.  Mao.,  Dec.  V,  Vol.  I. 

Mr.  Hudleston  is  also  the  author  of  a  considerable  number  of  reviews  and  notices, 
some  of  which  have  appeared  in  the  Annals  and  Magazine  of  Natural  History,  and 
others  in  the  Geological  Magazine,  for  the  most  part  anonymously. 

II. — NOTB  ON   A   PaLAOZOIG    C7PRIDINA   FROM   CaKADA. 
By  Professor  T.  Rupbbt  Jonbs,  F.R.S.,  F.G.S. 

IN  the  Annals  and  Magazine  of  Natural  History,  ser.  vii,  vol.  i 
(1898),  pp.  333-334,  pi.  xxvii,  a  numerous  series  of  fossU 
Ostraooda,  with  bivalved  carapaces,  having  more  or  less  resemblance 
to  those  of  Cypridina,  were  described  and  figured.  The  specimens 
selected  had  been  collected  by  various  observers  in  different  regions ; 
and  comprised  two  from  the  Tertiary  of  France,  two  from  the 
Cretaceous  of  Belgium,  one  from  the  Permian  of  Durham,  seven 
from  the  Oarboniferous  of  Britain,  three  from  the  Devonian  of 
Devon,  three  from  the  Upper  Silurian  and  two  from  the  Lower 
Silurian  (Ordovician)  of  distant  regions.  Keferences  were  made  to 
several  allied  Palseozoic  forms ;  and  one  other  species  from  the 
Oarboniferous  of  North  America  (Ulrich)  and  two  from  the  Upper 
Silurian  of  Scania  (Moberg)  ought  to  have  been  mentioned. 

We  have  now  to  notice  another  old  Cypridinal  form  (the  internal 
oast  of  a  left  valve),  probably  of  Ordovician  age.  It  has  come  to 
hand  from  Colonel  0.  0.  Grant,  of  Hamilton,  Ontario,  Canada,  who 
exposed  it  in  breaking  up  some  blocks  of  limestone,  probably 
belonging  to  the  Trenton  series,  from  a  *  glacial  drift '  at  Wenoma, 
on  the  shore  of  Lake  Ontario,  not  far  from  Hamilton. 
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This  limestone  is  largely  oomposed  of  a  small  gre^rious  variety  of 
iBochilina  Ottatoa,  Jones  (see  Obol.  Mao.,  July,  1903,  pp.  300-304)  ; 
and  in  ibis  oondition  it  resembles  other  specimens  collected  by 
Colonel  Grant,  and  sent  by  him  to  the  British  Museum. 

The  particular  specimen  under  notice  is  shown  in  Fig.  1.  It 
approaches  in  lateral  outline  to  Cypridina  hrevimentam,  Jones,  Kirkby, 
and  Brady  (Foss.  Entom.  Carbonif.,  pt.  i,  1874,  p.  16,  pi.  ii,  figs. 
15-19,  especially  fig.  15a).  It  dififera,  however,  from  that  species 
in  the  following  particulars  : — 

It  is  more  definitely  oblong ;  straight  on  the  back,  with  its  postero* 
dorsal  angle,  and  not  the  postero- ventral  part,  projecting.  The 
hook  or  hood  is  narrower  and  sharper  than  in  C.  brevimentum  ; 
attenuated  partly  by  loss  of  substance. 

The  notch  below  is  deeper  than  in  the  figures  quoted  ;  and  it  has 
a  bold  outline  with  an  ogee  curve.  The  cast  itself  has  suffered 
a  slight  damage  by  having  lost  some  of  its  convex  surface,  and  the 
middle  part  of  both  its  ventral  and  its  dorsal  edge,  when  it  was 
being  detached  from  the  block.  With  the  above-mentioned  dis- 
tinctive characters  we  may  regard  it  provisionally  as  a  separate 
species,  with  the  name  of  Cypridina  antiqua,  sp.  nov. 


Fio.  1. — Cypridina  antiqua^  T.  E.  Jones,  sp.  nov.  Magn.  3  diam.  Of  Ordovidan 
age?  From  Glacial  Drift  (limestone  of  the  Trenton  series),  Wenoma,  on  the 
snore  of  Lake  Ontario,  near  Hamilton,  Canada. 

This  internal  mould  of  a  left  valve  (Fig.  1)  is  somewhat  decorticated 
across  the  middle  of  its  convexity.  The  cast  consists  of  dark-grey, 
fine-grained,  and  slightly  micaceous  mudstone,  distinct  from  the 
limestone  to  which  it  is  attached.  It  measures  15  millimetres  in 
length  and  10  in  height  (from  dorsal  to  ventral  edge). 

III. — NOTK    ON   A   SMALL   AntIOLINB    IN  THB   GbBAT  OoLITB   SbBIKS 
AT   ClAPHAM,    NOBTH  OF   BEDFORD.^ 

By  Ho&ACB  B.  WooDWABD,  F.R.S. 

IN  the  broad  Alluvial  tract  which  borders  the  Ouse  between  Oakley 
and  Clapham,  north  of  Bedford,  there  is  a  gravel-pit  in  which 
a  small  anticline  of  the  Oreat  Oolite  was  abruptly  encountered  amidst 
the  regularly  stratified  river-deposits.  The  pit  is  situated  immediately 
north  of  the  Oakley  road  and  east  of  the  Midland  Railway. 

The  trend  of  the  fold  was  N.N.W.  and  S.S.E.,  and  the  upraised 
strata  consisted  of  Oreat  Oolite  Limestone  and  Clay,  with  bordering 
portions  of  Combrash,  and  probably  also  of  Eellaways  Beds.  The 
ridge  was  exposed  over  a  space  about  20  yards  in  length,  and  the 
arch  of  Oolite  strata,  about  18  yards  in  breadth,  was  clearly  displayed 
in  a  transverse  section,  flanked  on  either  side  by  undisturbed  beds 

'  Read  before  the  Meeting  of  the  British  Association,  Cambridge,  August,  1904. 
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of  river  ^avel  and  Band ;  the  whole  being  opened  up  to  a  depth  of 
10  or  12  feet  Prior  to  the  exoavation  there  was  no  indication 
of  the  disturbed  strata,  although  they  actually  reached  the  surfaoe. 
The  arch,  however,  was  coated  with  Great  Oolite  Clay,  which  had 
been  disarranged  superficially  and  intermixed  with  gravel. 

W.  E. 


Sscnox  AT  Clapham,  north  of  Bbdfo&d. 


Soil  and 

pravelf  etc, 
Combrath, 
Oreat  Oolite 

Clay. 

Great  Oolit$ 
Zimettone. 


loeU 


E.   Brown  loam  and  stony  loam  and  clay,  and  irregular 

pockets  of  brown  and  white  gravel  mtermixed  witk  C. 

D.  MsxljandfiBggj)imeBltoneinih  Ottreajlabelloidei      ...        2 

C.   Dark-blue  clay      up  to  3 


{'^ 


Grey  limestones 

Marly  clay  with  Ottrea  Sotcerbyi. 

Marls  ana  limestones  (seen  in  pit,  further  south). 


5to6 


The  Great  Oolite  Clay,  less  disturbed  on  the  flanks  of  the  anticline, 
was  thinner  than  that  exposed  by  the  Bedford  waterworks,  south 
of  Clapham : ,  an  attenuation  possibly  resulting  from  the  flexure. 
The  limestones  below  were  bent  into  an  arch  and  slightly  broken^ 
while  the  lowest  strata  of  marly  clay  with  0$trea  tSowerbyi  were 
much  squeezed  up.  The  Corubrash,  a  flaggy  limestone  with  Ostrea 
ftabelloides,  was  seen  at  the  base  of  the  pit  on  the  eastern  side  of  the 
arch,  and  traces  of  sands  (resembliDg  those  of  the  Eellaways  Beds) 
were  noticeable  a  little  distance  away  on  the  western  side. 

The  adjacent  deposit,  a  white  gravel,  with  brown  decalcified 
portions  resting  irregularly  on  a  'piped'  surface  of  it,  was  made 
up  mainly  of  Oolite  limestone,  together  with  rolled  Oxfordian  and 
other  fossils,  quartz,  quartzite,  jasper,  flint  pebbles,  and  subangular 
and  angular  flints.  It  yielded  also  a  partially  decomposed  block  of 
rhomb-porphyry,  evidently  derived  from  the  Boulder-clay  which 
oovers  the  higher  grounds ;  and  the  occurrence  of  this  Scandinavian 
rock  is  of  interest,  as  hitherto  no  example  has  been  recorded  south 
of  Norfolk.'  A  portion  of  a  molar  of  Mephas  primigenius  was  like- 
wise obtained  from  the  gravel — the  age  of  which  is  evidently 
subsequent  to  the  Boulder-day  of  the  district 

With  regard  to  the  age  and  origin  of  the  small  anticline,  there  is 
no  particular  evidence.     It  must  have  been  formed  prior  to  the 

1  See  Professor  P.  F.  Kendall :  <*  Eighth  Report  of  Committee  on  Erratic  Blocks 
of  the  British  Isles,"  Rep.  Brit.  Assoc,  for  1903. 
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aoeumulation  of  the  gravel,  and  unfortanately  little  more  can  b» 
said  with  oonfidenoe. 

The  Otise  follows  a  serpentine  course  from  the  neighboarhood  of 
Sharnbrook  to  Bedford,  a  distance  in  a  direct  line  of  rather  more 
than  six  miles,  and  all  the  way  the  bed  of  the  river  lies  practically 
on  the  Great  Oolite  Series — the  normal  dip  being  locally  coanter- 
acted  by  slight  undulations  and  occasional  faults.  It  is  possible  that 
the  small  anticline  may  be  connected  with  these  earth*movements, 
bat  as  its  direction  is  contrary  to  that  of  the  gentle  folds  above 
noted,  this  supposition  does  not  appear  to  be  probable. 

Again,  it  might  be  surmised  that  the  flexure  was  purely  local  and 
superficial,  that  perhaps  glacial  action  had  been  the  cause;  but  of 
this  there  is  no  distinct  evidence  either  for  or  against.  All  that  can 
be  reasonably  inferred  is  that  the  superincumbent  portions  of 
Kellaways  Beds  and  Combrash — the  latter  but  a  thin  band  of 
rock  in  the  immediate  district — had  been  planed  off  the  dome  prior 
to  or  during  the  period  of  maximum  glaciation,  when  the  Boulder- 
day  which  crowns  the  adjacent  plateau  was  laid  down.  Tbe 
erosion  of  the  softer  strata  flanking  the  anticline  was  perhaps  due 
to  the  action  of  the  river,  if  not  to  torrential  waters  in  the  later 
phases  of  the  Qlacial  period;  and  possibly  the  arch  of  Oolite 
limestones  stood  out  as  a  low  ridge  or  islet  in  the  broad  course 
of  the  river,  until  the  inequality  was  levelled  up  by  the  accumulation 
of  the  valley  deposits. 


W.-^ZlNTBIA  OBLOXGA    (ObBIGMT)    FROM  SiNAI. 

(PLATE  XV.) 

By  R.  BuLLBM  NswTON,  F.G.S. 

IN  a  collection  of  Cretaceous  fossils  from  Sinai  obtained  by  Mr.  T. 
Barron,  F.O.S.,  which  has  been  entrusted  to  me  for  determination 
by  the  Oeological  Survey  of  Egypt,  I  found  several  specimens 
of  lAnthia  oblonga,  a  form  of  Echinoid  which  appears  to  have  escaped 
the  attention  of  modern  writers  on  the  palaBontology  of  the  Sinai 
Peninsula.  In  tracing  the  history  of  this  species  it  is  ascertained 
that  d'Orbigny  first  figured  and  described  it  under  the  genus 
JPeria$ter  during  the  year  1856  in  the  Pal.  Fran9ai8e  Terr.  Cretac^s 
£chinodermes,  pi.  900,  pp.  275,  276,  where  it  is  referred  to  as 
having  been  collected  by  M.  Lef6bvre  at  Mount  Qar^be,  near 
Suez,  &om  rocks  regarded  as  of  Turonian  age,  in  association  with 
BadioliteB, 

Dr.  Martin  Duncan '  next  determined  the  species  among  Mr. 
Bauerman's  fossils  from  Sinai,  which  are  preserved  in  the  Museum 
of  the  Geological  Society  of  London.  It  was  collected  at  Wady 
Nagh  el  Bader  (=  Wadi  Budra),  Duncan  listing  it  as  one  of  the 
commonest  forms  of  the  collection  found  in  association  with  Radiolitei, 
and  belonging  to  an  horizon  equivalent  to  the  Oenomanian  of  France. 

•  ^  Duncan,  P.  M.,  **Note  on  the  Echinodermata,  etc.,  etc.,  from  the  Cretaceous 
Books  of  Sinai" :  Quart.  Joum.  Geol.  Soc.,  vol.  zzv  (1869),  pp.  44-46. 
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At  a  later  date,  M.  Cottean  ^  recognized  this  Echinoid  as  oocarriog 
in  the  Turonian  rooks  of  Algeria  under  the  name  of  lAnthia  oblanga. 
On  this  ocoasion  a  change  in  the  generic  title  wcis  effected,  without, 
however,  any  explanation  being  given  by  the  author.  This  change 
was  obviously  necessary  on  grounds  of  priority,  since  Desor's  ZifUhia 
of  1853  (Aetea  Soc,  Helv6Uque,  vol.  xxxvin,  p.  278)  wa»  synonymous 
with  Feriaster,  founded  by  d'Orbigny  in  1856. 

During  the  year  1899  M.  Fourtau'  published  a  revision  of  the 
Fossil  Echinoids  of  Egypt,  containing  a  reference  to  LiiUhia  ohlonga. 
Besides  quoting  its  occurrence  in  Algeria,  he  stated  that  the  species 
was  common  in  the  neighbourhood  of  Angoul^me,  France,  where 
it  had  been  found  at  the  base  of  the  Angoumian  deposits,  and  wai 
<}onsequent1y  Upper  Turonian.  Moreover,  M.  Fourtau  furnished 
a  remark  on  the  original  locality  given  by  d*Orbigny  which  is  of 
interest  to  reproduce  here  :  "  Je  ne  connais  point  de  Gebel  Gar^be, 
pres  de  Suez,  seule  une  petite  eminence  au  pied  de  I'Abou  Daragu6 ' 
porte  le  nom  de  Kroueba,  c'est  peut-^tre  M  que  Lefebvre  Ta 
r^coltee  d,  moins  que  ce  ne  soit  dans  les  couches  qui  bordent  le 
massif  central  granitique  du  Oebel  Qarib  h  220  kilometres  au  sud 
de  Suez  sur  les  cotes  de  la  mer  Rouge,  entre  cette  montagne  et 
Gebel  Zeit." 

As  this  appears  to  embrace  all  the  important  references  to  lAnikia 
obhnga,  we  will  now  attempt  to  solve  the  position  of  the  original 
locality  as  given  by  d'Orbigny.  According  to  his  account  M.  Lef6bvre 
collected  the  species  at  <*Mont  Gar^be,  prSs  Suez,"  a  spot  whidi 
appears  to  be  unknown  to  M.  Fourtau.  An  examination  of  the 
map,  however,  demonstrates  that  there  is  an  eminence  called  Jebel 
Gharbi  or  Gharabi  in  a  slightly  south-easterly  direction  from  Sues, 
which  is  in  the  neighbourhood  of  Wadi  Budra,  overlooking  the 
Bamleh  plain  of  Sinai.  Although  the  specimens  could  not  have 
been  obtained  from  Jebel  Gharbi  itself,  that  being  of  granitic 
structure,  it  is  quite  possible  that  Lef6bvre  collected  his  material 
at  Jebel  Dhalal,  which  is  in  the  vicinity,  and  where  Mr.  Thomas 
Barron  knows  the  Oenomanian  rocks  to  be  present  Some  of  the 
best  specimens  of  Linihia  oblanga  in  the  collection  of  the  Geological 
Survey  of  Egypt  have  been  obtained  at  Wadi  Budra,  as  were 
Duncan's  in  previous  years.  This  area  of  Sinai  may  therefore  be 
regarded  as  the  special  habitat  of  the  species,  rather  than  those 
localities  situated  in  the  Eastern  Desert  of  Egypt  bordering  the 
Gulf  of  Suez  and  the  Red  Sea,  as  su^ested  by  M.  Fourtau. 

The  Turonian  age  of  Linthia  oblanga  as  determined,  at  any  rate, 
for  the  Sinai  occurrence  by  d'Orbigny,  is  not  now  accepted,  more 
especially  as  that  author  described  Semiaster  euhicua  and  Clavasier 

•  Cotteau,  Peron,  &  Gauthier :  **  ij^hinidea  Foss.  Alg^rie,"  vol.  ii  (1879),  fasc  6, 
p  75  (no  figure  given).  , 

^  Fourtau,  R.,  <*  Revision  des  Echinidee  Fossiles  de  TEgypte":  M6m.  Instit. 


:figyntien,  vol.  iii  (1899),  fasc.  8,  po.  631,  632. 
*  These  place-names,  which  are  oiflT 


lifficult  to  find  on  ordinary  maps_  of  the  district, 
ftDhical  map 
ale  du  Deser 
Geographic  (Caire),  1900,  ser.  y,  No.  9,  p.  576. 


will  be  found  in  an  excellent  topographical  map  accompanying  M.  Fourtan's  TAper, 
**  Voyage  dans  la  Fartie  Septentrionale  du  Desert  Arabiqne '' :  Bull.  Soc.  Kheoiviale 
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eomuiuB  also  from  Mont  GarSbe,  wliioh  are  true  Cenomanian  speoies  ; 
and,  moreover,  we  bave  it  on  the  authority  of  ProfesBor  Rothpletz  * 
that  no  Turonian  rocks  have  been  identified  in  the  Sinai  Peninsula, 
thus  fully  oonfirming  the  previous  work  of  Duncan,  who  from  an 
examination  of  the  assemblage  of  fossils  in  this  region  was  led  to 
regard  it  as  generally  of  a  Cenomanian  character.  This  horizou 
is  also  supported  by  the  specimens  collected  by  the  Geological 
Survey  of  Egypt,  which  contain  such  fossils  in  association  with 
lAnthia  oblonga  as  JExogyra  Africana  and  Exogyra  OHsiponensia. 

In  connection  with  Hemiaater  eubicus  it  is  interesting  to  note  that 
according  to  modern  writers  that  species  is  a  frequent  Cenomanian 
fossil  of  Sinai ;  yet  Duncan  never  identified  it  in  the  Bauerman 
Collection,  nor  has  the  present  writer  been  able  to  recognize  it  among 
the  specimens  collected  by  Mr.  Barron.  Professor  A.  Rothpletz* 
noted  the  occurrence  of  M.  cubiciia  in  the  Cenomanian  beds  of 
Sinai  during  1893 ;  M.  Fourtau  ^  recognized  it  at  Wadi  Budra,  etc., 
in  beds  of  Lower  Cenomanian  age ;  Dr.  Blanckenhorn  ^  has  also 
listed  the  species  from  similar  regions  of  Sinai ;  whilst  Dr.  Hume  ^ 
has  met  with  it  at  Jebel  Gunnah,  in  the  eastern  part  of  the  peninsula,, 
associated  with  P$eudodiadema  variolare  and  Seterodtadema  libyeum. 
M.  Fourtau's  latest  contribution  on  this  subject  calls  attention  to 
the  eccentricity  of  the  apex  in  H.  cMcm,  and  the  varieties  of  form 
that  he  has  observed  in  the  species,  his  examples  coming  from  the. 
neighbourhood  of  the  Convent  of  St.  Paul  in  the  Arabian  Desert, 
where  the  species  is  said  to  be  characteristic  of  the  base  of  the 
Cenomanian  of  Egypt.  But  it  is  not  likely  that  any  confusion 
could  have  occurred  in  the  identification  of  these  echinoids  when 
the  details  of  the  test  are  considered.  There  is  the  great 
difference  in  form,  as  also  in  the  pore  structure  of  the  anterior 
ambulacrum,  whilst  the  presence  in  Linthia  oblonga  of  a  lateral  as  well 
as  the  peripetalous  fascicle  creates  even  a  more  striking  separation. 
This  lateral  fascicle,  which  in  the  posterior  region  is  situated  beneath 
the  anal  orifice,  is,  unfortunately,  not  always  definable,  so  much 
depending  upon  the  state  of  preservation  of  the  test;  but  it  is 
traceable  on  Duncan*s  specimens  in  the  Geological  Society  and  alsa 
on  some  of  those  collected  by  Mr.  Barron.  There  is  a  stratigraphical 
distinction  also  which  deserves  to  be  mentioned.  According  to 
M.  Fourtau,  if.  cubictu  belongs  to  the  base  of  the  Egyptian  Ceno- 
manian,  whereas  L.  oblonga^  from   its  association   with  Exogyra 

^  fiothpletz.  A.,  *' StratigraphiBches  von  der  Sinaihalbinsel '' :  Neues  Jahrbuch,. 
vol.  i  (1893),  pp.  102-104. 

*  Bothpletz,  A.,  **  Stratigraphisches  von  der  Sinaihalbinsel " :  Neues  Jahrbuch, 
vol.  i  (1898),  pp.  102-104. 

»  Fourtau,  K.,  "La  Cote  Quest  du  Sinai,"  Bull.  Soc.  Kh^riale  G^o^phifr 
(Le  Gaire),  1898,  ser.  y,  No.  1,  pp.  1-35;  '^E^Tision  des  E'chinides  Foesiles  de 
rFgypte,^ '  M6m.  Instit.  Fgyptien,  vol.  Hi  (1899),  fasc.  8, pp.  605-608,  628 ;  **  Note 
sur  Memiaster  eubieuty  Desor,  et  ses  variations,"  Bull.  Mus.  Hist.  Nat.  [Paris], 
1903,  No.  3,  pp.  177-180. 

*  Blanckenhorn,  Max,  *' Neues  sur  Geologic  und  Palaontologie  Aegyptens": 
Zeitech.  Deutsch.  Geol.  Ges.,  vol.  Hi  (1900),  see  chart  facinir  p.  33. 

*  Hume,  W.  F.,  "  Geology  of  Eastern  Sinai" :  Gbol.  Mao.,  1901,  p.  203. 
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Afrieana  and  E.  olisiponenBis,  is  of  Upper  Oenomanian  age.  In  fact, 
no  Lower  Cenomanian  fossils  have  been  recognized  in  the  oolleotion 
of  the  Geologioal  Survey  of  Egypt,  and,  moreover,  several  of  the 
species  are  found  to  pass  up  into  the  Turonian  stage  in  other 
oountries,  as  Dr.  Choffat  ^  has  proved  in  connection  with  his  researches 
in  Portugal. 

In  conclusion,  therefore,  it  is  hoped  that  this  note  may  claim  the 
attention  of  the  palsdontologists  of  Egypt,  and  that  Zinthia  ohlonga 
may  take  its  place  in  all  future  faunistic  lists  connected  with  the 
palsdontology  of  SinaL 

I  am  indebted  to  ray  colleague,  Dr.  F.  A.  Bather,  of  the  British 
Museum,  for  some  useful  suggestions  during  the  preparation  of 
this  paper. 

LiNTHiA  OBLOMGA,  Orbiguy. 

Fmatter  oblonguM^  Oibigny:  <<  Pal.  FranQaiM  Terr.  Gr^tao^s  ^hinodermes,"  1856, 
pi.  900,  pp.  275,  276.  P.  M.  Duncan,  *<  Note  on  the  Echinodermata,  etc., 
from  the  Cretaceous  Rocks  of  Sinai**:  Quart.  Jonm.  Geol.  Soc.,  toL  xz? 
(1869),  pp.  44-46  (no  fig:ure  or  description). 

Lmthia  obhnga,  Cotteau,  Peron,  &  Gauthi^:  **£'chinides  Foss.  Alg^rie,"  toI.  ii 
(1879),  fasc.  6,  p.  75  (not  figured).  Fourtau,  *'  Revision  E'^unides  Foes. 
E'gypte**:  M^.  Instit.  Fg^rptien,  vol.  iii  (1889),  faso.  8,  pp.  631,  632 
(not  figured). 

The  test  measurements  of  the  three  specimens  selected  for 
illustration  are  as  follows : — 

(9004)  (9008)  (SA) 

Length  31    28    30  mm. 

Width    27    21     27  mm. 

Height  20    18    19  mm. 

Nos.  9003  and  9004  represent  Duncan's  two  principal  specimens, 
and  Si*r  is  one  of  the  Wadi  Budra  examples  collected  by  Mr.  T. 
Barron.  All  these  are  of  the  average  size,  although  larger  and  even 
smaller  ones  are  among  the  specimens  of  the  Egyptian  Survey 
-Collection.  The  details  of  structure,  so  amply  given  in  the  originid 
description,  are  well  seen,  although  in  the  majority  of  the  specimens 
it  is  not  always  possible  to  trace  the  lateral  fascicle  and  its  course 
beneath  the  anal  aperture.  This  feature  is,  however,  preserved  in 
specimens  represented  by  Figs.  4  ^— S-A-)  and  6  ^=9003).  The 
structure  of  the  pores,  as  observed  in  tne  anterior  ambulacrum  (PI.  XV, 
■Fig.  8)  and  in  the  antero-lateral  ambulacra  (PI.  XV,  Fig.  7),  corre- 
sponds with  that  figured  by  d'Orbigny.  Tlie  largest  of  Duncan's 
specimens  (Fig.  1 »  9(X)4)  shows  well-preserved  apical  characters, 
whilst  the  pores  of  the  madreporite  are  observable  on  some  eroded 
specimensobtained  by  Mr.  Barron  from  the  topof  JebelSafariah  (S  A*)* 

The  apex  is  anterior  or  nearly  central  in  this  species,  altiioa^ 
the  abaotinal  views  of  the  specimens  selected  for  figuring  present 
the  idea  of  great  eccentricity,  a  feature  which  has  been  brought 
about  through  slightly  tilting  the  specimens  so  as  to  include  the 
anal  orifice.  It  is  noticeable  also  that  the  right  anterior  corner  of 
«ome  of  the  specimens  appears  to  be  slightly  higher  than'  the  left, 

1  Ghofht.  Panl:  **Recaeil  de  Monographies  Stratigraphiques  snr  le  Sjiidme 
•Or^tadque  du  Portogal,"  1900. 
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•«  fact  whioh  is  more  than  oaoftlly  aooeataated  in  the  case  of  Duncan's 
laigest  speoimen  (see  PL  XV,  Fig.  1),  ami  although  such  a  phenomenon 
may  be  due  to  some  kind  of  deformity  it  is  possible,  as  suggested 
by  Dr.  Bather,  that  it  may  have  a  wider  and  more  structural 
explanation. 

liOOALiTiKS. — Duncan's  specimens  collected  by  Mr.  Bauerman 
^were  obtained  at  Wadi  Nagh  el  Bader,  and  are  preserved  in  the 
Masenra  of  the  Qeologioal  Society  bearing  the  numbers  9003 
and  9004.  The  specimens  in  the  Geological  Surrey  of  Egypt 
Oollection  were  obtained  by  Mr.  Barron  from  the  following  places :— > 
Wadi  el  Araba  (Sf,  4117);  Wadi  Budra  (SA,  3614),  examples 
fiamerous  and  associated  with  Exogyra  Afrieana  ;  south  end  of  Wadi 
«1  Araba  (StV»  3815),  also  found  with  the  above-named  shell; 
head  of  Wadi  Esba  (SV^>  3870),  found  with  HemiasUr  Heberii  and 
Exogyra  oli$iponen8is ;  Wadi  Sifa  (S-fy,  4021) ;  near  top  of  Jebel 
Safariat  (S-A*,  4066),  specimens  numerous,  but  with  erpded  and 
worn  tests,  which  are  generally  devoid  of  detailed  characters,  except 
that  some  of  them  show  the  madreporite. 

EXPLANATION  OP  PLATE  XV. 

LiNTHIA  OBLONOA. 

Cretaceous  {Cenomanian) :  Sinai, 

Fig.  1. — ^Abactinal  view  of  Dancan's  largest  specimen  (9004),  slightly  tilted  to  show 

the  anal  region. 
„     2. — Left  side  view  of  same  specimen. 
^^     3. — ^Abactinal  view  of  Duncan's  second  specimen  (9003),  also  slightly  tilted  to 

show  anal  region. 
„     4. — ^Left  side  view  of  same,  exhibiting  the  peripetalous  and  lateral  fasciolee. 
„     5. — Abactinal  view  of  one  of  Mr.  Barron's  specimens  (S  i^),  tilted  as  before, 

for  anal  characters. 
„     6. — Left  side  view  of  same,  showing  obscure  fasdoles. 
„     7. — Pores  of  the  antero-hiteral  ambulacra,  enlarged. 
„     8. — Pores  of  the  anterior  ambulacrum  enlarged,  showing  their  oblique  character 

and  the  dividing  calcareous  band. 
Figs.  7  and  8  represent  enlargements,  whilst  the  remaining  figures  are  of  the 

natural  size. 


V.  —  On  the  OocuBRKNOB  OF  AN  Opi8thoo(eliaiv  Dinosaub 
{Alooasaubus  Bauri)  in  thk  Cbetaoeous  Beds  of  South 
Afbica. 

By  R.  Beoom,  M.D.,  B.Sc,  Corr.  M.Z.S.  Lond. 

LAST  year,  while  the  Port  Elizabeth  Briok  and  Tile  Company 
were  quarrying  a  olayey  rook  at  Despatch,  near  Uitenhage, 
a  namber  of  bones  were  disoovered  in  the  rock.  Though  the 
discovery  created  some  little  interest,  no  one  seems  to  have 
appreciated  the  scientific  value  of  the  find,  and  large  numbers  of 
the  bones  were  made  into  bricks.  A  few  fragments  of  vertebras 
and  ribs  have  been  collected  by  the  Port  Elizabeth  Museum,  and 
recently  an  attempt^has  been  made  to  rescue  some  more  of  the  bones 
that  still  remain  in  the  rock.  So  far  a  number  of  very  imperfect 
fragments  of  vertebne — cervical,  dorsal,  and  caudal — a  fairly  good 
femur,  an  imperfect*  scapula,  portions  of  many  ribs,  and  an  ungual 
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phalanx,  have  been  discovered.  The  examination  of  these  remains 
leaves  no  doubt  that  the  skeleton  is  that  of  an  Opisthooceliaa 
Dinosaur  of  moderate  size. 

The  scapular  fragment  represented  the  larger  portion  of  the  lower 
half  of  the  bone  of  the  right  side.  The  posterior  border  is  missing, 
but  as  the  coraooid  border  is  preserved,  as  well  as  a  portion  of  the 
anterior,  a  very  good  idea  can  be  obtained  of  the  shape  of  the  bone. 
As  will  be  seen  by  the  figure,  it  resembles  considerably  the  scapula 
of  BrorUosaurus,  though  of  very  much  smaller  size.  When  complete, 
the  greatest  breadth  from  the  prescapular  border  to  the  posterior 
part  of  the  glenoid  process  would  probably  be  about  200  mm. 


Fio.  1. — Left  femur  of  Algoaaa^trtts  Bauri.      x  }. 
Fio.  2. — Posterior  dorsal  vertebra  of  Algoa$auru8  Bauri. 
Fio.  3. — Right  scapula  of  Algoaaaurns  Bawi.     x  }. 


f 


The  femur  has  lost  the  upper  and  lower  ends,  but  otherwise  is 
perfect.  Indications  of  both  condyles  can  be  seen  at  the  lower  end, 
so  that  a  clear  idea  can  be  obtained  as  to  how  much  is  missing. 
A  considerable  portion  of  the  upper  end  is  lost,  but  it  is  probable 
that  the  upper  end  was  shaped  as  in  Diplodoeu$.  The  fourth 
trochanter  for  the  femoro-caudal  muscle  is  of  much  smaller  size 
than  in  either  Brontosaurus,  Diplodocut,  or  MorosauruSf  from  which 
we  may  probably  infer  that  the  tail  was  less  powerfully  developed 
in  the  South  African  than  in  the  American  forms.  When  complete, 
the  femur  is  estimated  to  have  been  500  mm.  ia  length,  or  about 
one-third  the  size  of  that  of  Diplodoeua,  Across  the  narrowest  part 
the  femur  measures  120  mm. 

Most  of  the  vertebrse  are  too  fragmentary  to  warrant  description, 
but  from  the  fragments  it  is  munilest  that  the  vertebrae  have  borne 


Digitized  by  VjOOQ  IC 


G.  T.  Pricr^-^PiUeuhLam  in  Camtcall.  447 

ooBsiderftble  reteitibkmoe  to  those  otDModocui.  The  fe#  firagmeiite 
of  oentxtt  of  the  body  vertebno  show  uie  peoaliar  exoovatiooe  seeA 
in  the  oentra  of  the  Amerioan  types.  The  beet  preaerred  yertebm^ 
is  the  one  figured.  It  is  probably  one  of  the  posterior  dorsals. 
The  spine  shows  a  oompUoated  arrangement  of  laminae  very  similar 
to  that  of  the  spines  of  the  posterior  dorsals  of  Diplodocui,  bat 
owing  to  the  condition  of  the  specimen  it  is  diffioult  to  represent 
this  in  the  figure.  The  height  of  the  Tertebra,  %hen  oomplete, 
would  probably  be  about  450  mm.,  or  less  than  half  the  siie  of 
the  last  dorsal  of  Diplodocui. 

1  propose  to  name  this  new  reptile  Algoa$€ntru$  Bauri^  after  Ae 
late  Oeorge  Baur,  whose  early  death  removed  from  the  ranb  of 
investigators  one  who  oonld  ill  be  spared. 


VL— NoTB  OK  ▲  Pillow-lava  appabsntly  foemino  a  oontimuoub 

HORIZON  VBOK  MULLIOM  ISLAND  TO  (}OBSAH  HaVBN  IN  OOBITWALL. 

By  G.  T.  Paioa,  M.A.,  P.G.8. 

rpHB  basalt  of  Mullion  Island,  with  the  intercalated  radiolarian 
X.  chert,  is  well  known  from  the  descriptions  of  TeaU  and  Howard 
Fox.^  It  is  a  fine-grained  minutely  vesicular  basalt,  consisting 
mainly  of  radiating  felspar  laths  and  interstitial  pale  purplish-brown 
augite,  and  occurring  in  peculiar  pillowy  or  bale-like  masses. 
Owing  to  this  curious  structure  and  its  intercalation  with  the  chert 
the  basalt  is  considered  to  be  a  submarine  lava. 

A  well-marked  horizon  of  radiolarian  chert  similar  to  that  of 
Mullion  Island  has  been  traced  by  Mr.  Howard  Fox'  from  thai 
island  across  the  Lizard  peninsula  to  Porthallow,  and  thence  to 
the  other  side  of  Falmouth  Bay  to  Pendower  and  Oorran  Haven. 

Lately,  in  the  company  of  Mr.  Upfield  Green,  I  have  made 
a  collection  of  igneous  and  other  ro<^  from  the  north  of  the  Lizard, 
south  of  Helfo^  river,  and  from  the  neighbourhood  of  Gk>rran  and 
Oaerhayes  on  the  other  side  of  Falmouth  Bay.  Many  of  the  volcanic 
rocks  are  dmost  precisely  similar,  both  in  pillow  structure  and  in 
microscopical  characters,  to  the  Mullion  Island  basalt.  The  following 
is  a  list  of  the  localities,  besides  Mullion  Island,  at  which  this 
particular  kind  of  basalt  was  found : — 

Tregidden. — ^The  basalt  occurs  here  in  two  quarries  on  opposite 
sides  of  the  stream ;  in  one  of  them  to  the  east  the  pillow  structure 
of  the  rock  is  well  marked.  In  microscopical  characters  the  basalt 
is  precisely  similar  to  that  of  Mullion  Island.  It  is  finely  vesicular, 
and  shows  minute  interlacing  felspar  laths  with  much  interstitial 
pale  purplish-brown  augite,  and  little  or  no  iron-oxides.  It  variee 
in  coarseness  of  grain,  and  in  parts  is  much  altered,  so  that  the 
augite  is  unrecognizable.  To  the  west  of  Tregidden,  nearer  to 
Mullion  Island,  precisely  similar  basalt  was  met  with  at  Trethewy 

1  Quart  Joorn.  Oeol.  Soo.,  toI.  xliz  (1893),  p.  211. 
*  TranB.  Roy.  Geol.  Soc  ComwaU,  zii  (1),  1896,  p.  39. 
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and  near  the  Methodist  Ohapel  at  St  Martin,  bat  at  Trethewy 
the  speoimen  obtained,  whioh  was  coarsely  vesicular,  was  foand 
loose  on  a  heap  of  pebbles,  and  at  St  Martin  there  is  some  doubt 
whether  the  rock  was  actually  in  nid. 

Still  further  west,  at  Lower  Garras  *  gravel-pit,'  was  found  a  crushed 
and  brecciated  radiolarian  chert,  exactly  similar  in  microscopic 
diaracters  to  that  of  Mullion  Island. 

Boskruge  Lane  and  Higher  Boden, — In  the  lane  leading  from 
Boskruge  to  Higher  Boden,  on  the  right-hand  side,  occurs  an 
andesitic  basalt  showing  large  porphyritic  felspars.  Under  the 
microscope  these  phenocrysts  are  seen  to  occur  in  a  groundmass 
consisting  of  a  mesh  of  felspar  laths  with  interstitial  dark  grains 
of  what  is  probably  altered  augite.  Some  yards  distant,  on  the 
same  side  of  the  road,  to  the  east  of  a  small  stream,  was  found 
a  basalt  consisting  of  felspar  laths  and  interstitial  brown  augite, 
precisely  similar  to  the  Mullion  Island  rock,  but  of  slightly  coarser 
grain.  Similar  basalt  occurs  in  a  quarry  farther  up  the  lane  on 
the  left-hand  side  near  Higher  Boden.  The  association  of  a  basalt 
like  that  of  Mullion  Island  with  a  markedly  porphyritic  variety  is 
repeated  on  the  other  side  of  Falmouth  Bay  in  a  quarry  near  Tubbs 
Mill  (see  below). 

PorthaUow, — ^The  rook  at  Porthallow  is  similar  to  some  of  the 
varieties  of  basalt  found  at  the  quarries  near  Tubbs  Mill  on  the 
other  side  of  Falmouth  Bay  (see  below).  It  shows  a  traohytic 
mesh  of  felspar  laths  with  dark  interstitial  grains  of  altered  augite, 
and  passes  on  the  margin  into  a  spherulitio  glass. 

Nare  Head  (east  side  of  Falmouth  Bay). — On  the  top  of  Nare 
Head  was  found  a  basalt  consisting,  like  the  Mullion  Island  rock, 
of  felspar  laths  and  interstitial  purplish-brown  augite,  but  containing 
also  a  few  porphyritic  felspars.  It  was  associated  with  a  variety 
of  mubh  coarser  grain,  approaching  a  dolerite  in  character.  At 
Pennare  Wallas,  north  of  Nare  Head,  occurred  a  radiolarian  chert 
similar  to  that  of  Mullion  Island. 

Quarries  near  Tubbs  Mill  (north  of  St.  Michael  Caerhayes). — In 
a  quarry  east  of  Trevennen,  on  the  right-hand  side  of  the  road 
leading  to  Tubbs  Mill,  occurs  a  basalt  showing  fairly  well-marked 
pillow  structure,  llie  rock  is  like  the  Mullion  Island  basalt,  and 
consists  of  felspar  laths  and  altered  interstitial  augite.  As  in  the 
c£tse  of  the  Porthallow  rook,  it  passes  on  the  surface  of  the  pillows 
into  a  glass  showing  well-marked  spherulitio  structure.  In  the 
large  quarry  just  north  of  Tubbs  Mill  is  seen  the  close  association 
of  a  finely  vesicular  basalt,  consisting  of  felspar  laths  and  pale 
purplish-brown  augite,  precisely  similar  to  the  Mullion  Island  rock, 
with  a  variety  showing  a  similar  groundmass,  but  with  numerous 
fairly  large  porphyritic  felspars.  A  similar  association  of  a  basalt 
like  the  Mullion  rock  with  a  porphyritic  variety  occurs  also  in  an 
overgrown  disused  quarry  amongst  osiers  to  the  east  of  Trevennen 
on  the  left-hand  side  of  the  road  leading  to  Tubbs  Mill. 

Oreat  Perhaver  Beach, — A  mass  of  basalt  showing  well-marked 
pillow  structure  and  microscopic  characters,  similar  to  those  of  the 
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'Mullion  Island  basalt,  forms  the  projecting  headland  at  the  south 
-end  of  the  Great  Perhaver  Beaob,  north  of  Gtorran  Haven.^ 

These  localities  mark  out  almost  precisely  the  same  horizon  as 
the  radiolarian  cherts  of  Mr.  Howard  Fox.  The  curve  followed  by 
this  pillow- lava  is  also  fairly  parallel  to  that  of  the  well-known 
qnartzite  of  the  Meneage  and  Gk>rran  districts,  to  the  slate  containing 
limestone  lenticles  with  Upper  Silurian  fossils,  and  to  that  of  the  cpn- 
|]flomerafre  placed  by  Mr.  Upfield  Green  at  the  base  of  the  Gedinnian. 
Fragments  of  an  altered  basalt  very  similiar  to  the  Mullion  Island 
Tock  were, found  in  this  conglomerate  along  Gillan  Creek,  at  Flushing 
«nd  Lestowder  Beaches.    * 


IsTOTICESS    OIF    3iJ:ES3SJ:OII^S,    DE3TC. 


1. — Bbitish   Association    for    the    Advanobmbnt    of    Soibkok. 
Gambbidge  Meeting,  1904. 

Address  to  the  Geological  Section  by  Aubrey  Strahan,  M.A.,   F.E.S., 
F.G.S.,  President  of  the  Section. 

IT  is  forty-two  years  since  the  British  Association  last  met  in 
Cambridge,  and  we  may  turn  with  no  little  interest  to  the  record 
of  what  was  taking  place  at  a  date  when  the  science  of  geology  was 
still  in  its  infancy,  and  in  a  University  where  its  promise  of  develop- 
ment was  first  recognised.  Dr.  John  Woodward,  the  founder  of  the 
Woodwardian  Chair,  bad  been  dead  176  years,  but  his  bequest  to  the 
'University  had  not  long  begun  to  bear  fruit,  for  the  determination  to 
house  suitably  the  collection  of  fossils  and  to  provide  for  the  reading 
of  a  systematic  course  of  lectures  was  not  arrived  at  until  1818.  In 
that  year  Adam  Sedgwick,  on  his  appointment  to  the  Woodwardian 
Chair,  began  a  series  of  investigations  into  the  geology  of  this 
country,  which  made  one  of  the  most  memorable  epochs  in  the 
history  of  British  geology.  At  the  Cambridge  meeting  of  1862  he 
had  therefore  held  the  Professorship  for  forty-four  years,  a  period 
sufficient  to  spread  his  reputation  throughout  the  civilised  world 
as  one  of  the  pioneers  of  geological  science. 

Towards  the  close  of  bis  life  Sedgwick  gave  expression  to  the 
objects  which  he  had  had  in  view  when  he  accepted  a  Professorship 
in  a  science  to  which  he  had  not  hitherto  specially  devoted  his 
attention.  "There  were  three  prominent  hopes,"  he  writes,  "  which 
possessed  my  heart  in  the  earliest  days  of  my  Professorship.  First, 
that  I  might  be  enabled  to  bring  together  a  collection  worthy  of  the 
University,  and  illustrative  of  all  the  departments  of  the  science  it 
was  my  duty  to  study  and  to  teach.     Secondly,  that  a  geological 

^  Igneous  rocks  occur  at  the  top  of  Greeb  Head  and  at  Little  Perhaver  Beach,  but 
they  are  of  more  acid  trachytic  t^  than  the  Mullion  Island  rock,  and  show  large 
poiphyritic  crystals  of  oligoclase  in  a  fine-grained  felspathic  base  with  littie  or  no 
deyelopment  of  ferromag^esian  minerals.  Fragments  of  somewhat  similar  trachytic 
rocks,  but  containing  shreds  of  opacite  suggestive  of  altered  soda-pyroxenes  or 
ampMboles,  were  found  in  a  crushed  breccia  of  grit  and  slat^  on  the  north-east  of 
-Porthluney  Cove. 
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museum  migfat  be  built  by  the  Univenity,  amply  capable  of 
oontainiug  iU  future  ooUeotions;  and  lastly,  that  I  might  bring: 
together  a  class  of  students  who  would  listen  to  my  teaching, 
support  me  by  their  sympathy,  and  help  me  by  the  labour  of  their 
hands.'' 

We,  visiting  the  scene  of  his  labours  more  than  thirty  years  afte^ 
he  wrote  these  words,  witness  the  realisation  of  Sedgwick's  hopes^ 
The  collection  is  not  only  worthy  of  the  University,  but  has  become 
ine  of  the  finest  in  the  kingdom.  It  is  housed  in  this  magnificent 
memorial  to  the  name  of  Sedgwick,  on  the  completion  of  which 
I  ofifer  for  myself,  and  I  trust  I  may  do  so  on  behalf  of  this  Section 
also,  hearty  congratulations  to  the  Woodwardian  Professor  and  his- 
stafil  Finally,  I  may  remind  you  that  at  this  moment  the  Director- 
ship of  the  Geological  Survey  and  the  Presidential  Chair  of  the 
Geological  Society  are  held  by  Cambridge  men;  that  the  sister 
University  has  not  disdained  to  borrow  from  the  same  souroe ;  and 
lastly,  that  it  is  upon  Cambridge  chiefly  that  we  have  learned  to- 
depend  for  recruiting  the  ranks  of  the  (Geological  Survey,  as  proofa 
that  Cambridge  has  maintained  her  place  among  the  foremost  of  the 
British  schools  of  geology. 

Though  he  had  taken  a  leading  part  at  former  meetings  of  the 
Association,  Sedgwick's  advanced  age  in  1862  necessitated  rest,  and 
this  Section  was  Aprived  to  a  great  extent  of  the  charm  of  hia 
presence.  It  benefited,  however,  in  the  fact  that  the  Presidential 
Chair  was  occupied  by  one  of  his  most  distinguished  pupils.  Jukes- 
was  one  of  those  men  the  extent  of  whose  knowledge  is  not  readily 
fathomed.  It  has  been  my  experience,  and  probably  that  of  many 
others  in  this  room,  to  find  tiiat  some  conclusion,  formed  after 
prolonged  labour  and  perhaps  fondly  imagined  to  be  new,  has  been 
arrived  at  years  before  by  one  of  the  old  geologists.  Such  will 
be  the  experience  of  the  man  who  follows  Jukes'  footsteps.  Turning 
to  his  Address  given  to  this  Section  in  1862,  we  find  much  of  what 
is  now  written  about  earth-movement  and  earth-sculpture  forestalled 
by  him,  with  this  difference,  however,  that  whereas  the  custom  ia 
growing  of  using  a  phraseology  which  may  sometimes  be  useful,  but 
is  generally  far  from  euphonious,  and  not  always  intelligible,  he 
states  his  arguments  in  plain,  forcible  English. 

It  may  raise  a  smile  to  find  that  Jukes  thought  it  necessary  in 
1862  to  combat  the  view  that  deep  and  narrow  valleys  had  originated 
as  fissures  in  the  crust  of  the  earth,  and  that  the  Straits  of  Dover 
must  have  been  formed  in  this  way,  because  the  strata  correspond  oa 
its  two  sides.  But  we  shall  do  well  to  remember  that  the  smile  will 
be  at  the  public  opinion  of  that  day,  and  not  at  Jukes  himself.  In  no 
branch  of  geology  have  our  views  changed  more  than  in  the 
recognition  of  the  potency  of  the  agents  of  denudation.  In  1862  it 
was  necessary  to  present  preliminary  arguments  and  to  draw 
inferences  which  in  1904  may  be  taken  as  granted. 

The  evidences  of  the  prodigious  movements  to  which  strata  have 
been  subjected,  and  of  the  extent  to  which  denudation  has  ensued, 
cannot  fail  to  strike  the  most  superficial  observer.    Both  mountain- 
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tind  plain  present  in  varying  degree  proof  that  sheets  of  sedimentary 
material  originally  horizontal  are  now  folded  and  fractured.  But 
after  a  momentary  interest  aroused  by  some  example  more  striking 
"than  usual,  glimpsed,  it  may  be,  from  a  train-window,  the  subject  is 
probably  dismissed  with  an  impression  that  such  phenomena  are  due 
to  cataclysms  of  a  past  geological  age  and  have  little  concern  for  the 
present  inhabitants  of  the  globe.  These  stupendous  disturbances,  it 
might  be  argued,  can  only  have  taken  place  under  conditions 
different  from  those  which  prevail  now.  We  are  familiar  with 
mountain-ranges  in  which  their  effects  are  conspicuous  ;  we  have 
<»rried  railways  over  or  through  them  and  have  been  troubled  by  no 
cataclysmic  movements  of  the  strata.  Apparently  the  rocks  have 
lieen  fixed  in  their  plicated  condition,  and  are  liable  to  no  further 
disturbance.  Parts  of  the  world,  it  is  true,  are  subject  to  earth- 
quakes accompanied  by  fissuring  and  slight  displacement  of  the 
crust,  but  not  even  in  earthquake  regions  can  we  point  to  an  example 
of  such  thrusting  and  folding  of  the  strata  being  actually  in  progress 
as  have  taken  place  in  the  past.  Nor,  again,  can  volcanic  activity 
be  appealed  to,  for  some  of  the  most  highly  disturbed  regions  are 
devoid  of  igneous  rocks.  Yolcanic  eruptions  are  more  probably  the 
effect  than  the  cause  of  the  disturbances  of  the  crust.  Nowhere  in 
the  world  therefore,  it  will  be  said,  can  we  see  strata  undergoing 
«uch  violent  treatment  as  they  have  experienced  in  the  past  How, 
then,  can  we  dispute  the  inference  that  the  forces  by  which  the 
folding  was  produced  have  ceased  to  operate  ? 

Before  accepting  a  conclusion  which  would  amount  to  admitting 
that  the  globe  is  moribund  and  that  the  forces  by  which  land  has 
been  differentiated  from  sea  have  ceased  to  act,  we  shall  do  well  to 
look  more  closely  into  the  history  of  the  earth-movements  to  which 
any  particular  region  has  been  subjected.  The  investigation  is  one 
which  calls  for  the  most  intimate  knowledge  of  the  geological 
structure,  and,  as  time  will  admit  of  my  dealing  with  a  small  area 
only,  I  shall  confine  my  observations  to  England  and  Wales, 
selecting  such  facts  as  have  been  established  beyond  dispute. 

At  the  outset  of  the  investigation  we  find  reason  to  conclude  that 
the  movements,  so  far  as  any  one  region  is  concerned,  have  been 
intermittent.  Evidence  of  this  fact  is  furnished  wherever  any 
considerable  part  of  the  geological  column  is  laid  open  to  view. 
Sheets  of  sediment,  aggregating  perhaps  thousands  of  feet  in 
thickness,  have  been  laid  down  in  conformable  sequence,  all  bearing 
evidence  of  having  been  deposited  in  shallow  seas.  The  inference  is 
inevitable  that  that  period  of  sedimentation  was  a  period  of 
uninterrupted  subsidence.  But  sooner  or  later  every  such  period 
oame  to  an  end.  Compression  and  upheaval  took  the  place  of 
subsidence,  and  the  strata  lately  deposited  were  plicated  and  brought 
within  the  reach  of  denudation.  Illustrations  of  the  recurrence 
of  these  movements  abound,  and  I  need  dwell  no  further  upon  them 
than  to  remark  that  movements  of  subsidence  and  upheaval  may 
be  seen  to  have  alternated  wherever  opportunity  is  afforded  for 
observation. 
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On  extending  our  obBenrations  we  are  led  to  infer  that  the- 
movements  of  t^e  orust  were  developed  regionally,  not  nniversally. 
The  areas  of  suhaidenoe,  for  example,  evidenced  by  the  marine 
formations  had  their  limits,  though  those  limits  did  not  coinoide- 
with  the  shores  of  existing  seas,  nor  has  reason  been  found  to 
believe  that  the  proportion  of  land  to  sea  has  varied  greatly  in 
past  times.  The  limits  of  the  area  a£fected  by  any  one  movement 
of  upheaval  are  more  difficult  to  determine,  but  the  efifeots  were- 
manifested  in  the  crumpling  up  of  comparatively  narrow  belts  of 
country,  and  are  easy  of  recognition. 

Further  than  this,  we  ascertain  that  the  movements  of  one  region 
were  not  necessarily  contemporaneous  with  those  of  adjoining 
regions.  The  forces  operating  upon  the  crust  of  the  earth  cam» 
into  activity  in  di£fereiit  places  at  different  times,  and,  while  som& 
Continental  tracts  have  been  but  little  disturbed  from  early  geological 
times,  there  are  parts  of  the  globe  which  have  been  the  scene,  so  to* 
speak,  of  almost  ceaseless  strife.  Among  the  latter  we  may  include 
the  British  Isles. 

These  are  commonplaces  of  geology,  and  I  mention  them  merely 
to  emphasise  the  fact  that  the  geological  structure  of  these  islands 
is  the  result  of  movement  superimposed  upon  movement  Obviously^ 
therefore,  in  order  to  gain  a  comprehensive  view  of  the  operations- 
which  were  in  progress  in  any  one  region  during  any  one  epoch,  wo 
have  to  find  some  means  of  distinguishing  the  movements  of  that 
epoch  and  of  eliminating  all  which  preceded  or  followed  it.  This,, 
briefly,  is  the  problem  which  has  engaged  the  attention  of  geologists 
for  many  years  past,  and  upon  which  1  propose  to  touch. 

The  determination  of  the  age  of  a  disturbance  is  seldom  easy,  and 
among  the  older  Palssozoio  rocks  is  often  impossible;  but  at  the^ 
dose  of  the  Carboniferous  period,  during  the  great  Continental 
epoch  which  led  to  and  followed  upon  the  deposition  of  the  Coal* 
measures,  there  came  into  action  a  set  of  movements  of  elevation 
and  compression,  which  generally  can  be  distinguished  both  from 
those  which  preceded  them  and  from  those  which  have  been  super* 
imposed  upon  them.  The  distinction  depends  upon  the  determination 
of  the  age  of  the  rocks  affected  by  the  movements.  For  example^, 
a  movement  by  which  the  latest  Carboniferous  rocks  have  been 
tilted  from  their  original  horizontal  position  is  obviously  post- 
Carboniferous.  On  the  other  hand,  if  Permian  rocks  lie  undisturbed 
upon  those  tilted  Carboniferous  rocks,  it  is  equally  obvious  that  the 
movement  was  pre-Permian.  Now  it  happens  that  earth-movements- 
of  the  date  alluded  to  were  particularly  active  in  the  British  Isles,, 
and  played  an  important  part  in  shaping  the  platform  on  which  the 
Permian  and  later  rocks  were  laid  down.  Though  they  have  beea 
more  completely  explored  than  others  in  the  working  of  coal,  their 
further  investigation  is  of  the  greatest  economic  importance.  I  have 
attempted,  therefore,  briefly  to  sketch  out  the  principal  lines  along 
which  earth-movements  of  that  age  came  into  operation  in  England,, 
premising,  however,  that  by  Permian  I  mean  the  Magnesian  Lime- 
stone series,  and  not  the  "Permian  of  Salopian  type,!'  whioh  is  now 


Digitized  by  VjOOQ  IC 


A.  Strahan's  Address  to  Section  C,  Geology*  453 

known  to  be  partly  of  Triassic  but  principally  of  Oarboniferbos  age* 
In  the  course  of  the  investigation  we  shall  find  reason  to  conclude 
Ihat  sereral  at  least  of  the  movements  followed  old  axes  of 
disturbance,  lines  of  weakness  dating  from  an  early  period  in  the 
history  of  the  habitable  globe ;  and,  again,  that  some  of  the  latest 
disturbances  of  which  we  have  cognisance  were  but  renewals  of 
movement  along  the  same  general  lines. 

One  of  the  most  clearly  proved  examples  of  pre-Permian  faulting 
in  the  Carboniferous  rocks  occurs  in  the  Whitehaven  Coalfield.  The 
fault  forms  the  south-eastern  limit  of  the  Coal-measures,  and  has 
been  precisely  located  for  a  distance  of  six  miles.  In  its  course 
towards  the  south-west  it  passes  under  five  outliers  of  Permian 
rocks,  and  finally  is  lost  to  sight  under  the  Permian  and  Trias 
of  St.  Bees.  The  dislocation  in  the  Carboniferous  rocks  amounts 
to  about  400  yards,  but  the  Permian  rocks  have  not  been  even 
cracked;  though  broken  and  displaced  by  numerous  foults  of 
later  date,  they  pass  undisturbed  over  this  great  dislocation,  the 
movement  along  it  obviously  having  ceased  before  they  were 
deposited.  This  fault  forms  part  of  the  upheaval  which  brought 
the  older  rocks  of  Cumberland  and  Westmoreland  to  the  surface, 
and  in  that  sense  it  may  be  said  to  form  the  north-western  frontier 
of  the  Lake  District. 

On  the  north-eastern  side  also  of  the  Lake  District  the  Permian 
rocks  rest  upon  uptilted  Carboniferous  strata,  but  the  axis  of  up* 
heaval  runs  in  a  north-north-westerly  direction  and  defines  what 
we  may  regard  as  the  north-eastern  frontier.  Along  this  frontier 
much  movement  has  taken  place  in  post-Permian  times,  but  the 
unconformable  relations  of  the  Permian  and  Carboniferous  rocks 
enable  us  to  distinguish  that  part  of  the  tilting  which  intervened 
between  the  two  periods.  On  the  south-eastern  frontier  also  the 
Carboniferous  rocks  bad  been  upheaved  and  denuded  before  the 
Permian  sandstones  were  laid  down.  A  huge  fault,  along  which 
Carboniferous  rocks  have  been  jammed  from  the  east  in  a  multitude 
of  plications  against  Silurian,  runs  from  Kirkby  Stephen  by  Dent 
to  Kirkby  Lonsdale,  and  thence  trends  south-eastwards  by  Settle. 
It  is  highly  probable,  though  it  has  not  been  proved,  that  this 
fault  is  of  pre-Permian  age.  That  the  Pendle  axis  which  upheaves 
the  Lower  Carboniferous  rocks  between  Settle  and  Burnley  is 
pre-Permian  is  placed  beyond  doubt  by  the  fact  that  an  outlier  of 
Permian  rests  upon  the  denuded  crest  of  the  anticline  near  Clitheroe. 

The  south-western  frontier  is  defined  by  a  still  more  marked 
unconformable  overlap  by  the  Permian  strata,  which  here  pass 
over  the  edges  of  the  lowest  members  of  the  Carboniferous  series 
and  come  to  rest  upon  the  Lake  District  rocks. 

We  have  thus  defined  the  sides  of  an  oblong  tract  which  was 
upheaved  in  the  period  we  are  considering.  The  older  rocks 
forming  the  northern  part  of  that  tract  had  already  had  imposed 
upon  them  a  dominant  north-easterly  strike  by  a  pre-Carboniferous 
movement  of  great  energy.  As  a  result  also  of  that  and  other 
movements  they  had  been  subjected  to  vast  denudation,  not  only 
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in  the  Lake  Distriot,  but  tbvoogli<rat  the  north-west  of  England 
generally.  But  while  it  is  doobtfnl  whether  any  of  Uie  physical 
featores  then  prodnoed  hare  snrrived,  it  seems  to  be  beyond  dispute 
that  it  was  in  oonseqoenoe  of  the  pre-Permian  movements  that  the 
older  rooks  of  the  Li^e  District  were  freed  from  their  Oarboniferons 
covering,  and  that  to  this  extent  the  district  may  be  said  to  have 
been  blocked  out  in  pre-Permian  times.  The  detailed  sonlpturing 
resulted  from  later  movements,  with  which  we  are  not  now  concerned. 

During  this  same  period  there  rose  into  relief  that  part  of  the 
Pennine  axis  which  runs  between  Lancashire  and  Yorkshire.  'Hie 
doming  up  of  the  Lower  Carboniferous  rocks  and  the  wildness  of 
the  moorlands  which  characterise  their  outcrops  have  impressed 
all  who  have  had  occasion  to  cross  from  the  one  populous  coalfield 
to  the  other,  and  have  gained  the  name  of  the '  backbone  of  England ' 
fer  this  anticlinal  axis.  Whether,  however,  it  can  be  r^arded  as 
one  axis  or  as  the  result  of  several  movements  is  doubtful,  but 
not  material  for  our  present  purpose.  Regarded  as  a  geok^ical 
structure  it  is  not  continuous  with  that  part  of  the  Pennine  axis 
which  runs  along  the  north-eastern  frontier  of  the  Lake  District 

Passing  westwards  from  the  Pennine  axis,  we  cross  the  deep  and 
broad  Triaasio  basin  of  Cheshire,  which  may  be  regarded  as  the 
complement  of  the  dome  of  elevation  of  Derbyshire.  To  the  west 
of  this,  again,  we  reach  a  part  of  North  Wales  vrhioh  was  more  or 
less  shaped  out  by  the  earth-movements  which  came  into  action 
between  the  Carboniferous  and  Permian  periods.  Two  leading 
faults  traverse  the  district.  The  one  runs  in  a  north-north-westerly 
direction  across  Denbighshire  and  introduces  that  little  bit  of 
^  Cheshire  in  Wales  "  known  as  the  Yale  of  Clwyd.  Though  there 
has  been  some  later  movement  along  this  fault,  it  was  in  tiie  main 
pre-Triassio,  which  statement,  in  view  of  the  perfect  conformity 
between  the  Permian  and  Trias,  amounts  to  saying  that  it  was 
pre-Permian.  The  other  passes  across  Wales  in  a  north-easteriy 
direction  along  the  Dee  Valley  at  Bala,  and  reaches  the  Triassio 
basin  between  Chester  and  Wrexham.  The  date  of  this  fault  baa 
not  been  worked  out  in  detail,  but  the  fact  that  it  is  associated 
with  a  pre-Triassic  anticline,  where  it  reaches  the  Triassio  margin, 
proves  that  it  is  in  part  at  least  of  pre-Triassic  age.  In  Anglesey 
also  there  has  been  strong  post-Caboniferous  folding  in  the  same 
north-east  to  south-west  direction. 

It  is  to  be  noticed,  further,  that  the  Carboniferous  rocks  maintain 
their  characters  to  their  margins  on  the  flanks  of  the  Clwydian  Hills 
and  other  ranges  of  Silurian  rooks  in  North  Wales.  Both  along  the 
coast,  and  even  in  a  little  outlier  preserved  near  Corwen  by  an 
accident  of  faulting,  they  show  a  persistence  of  type  and  of  detail 
in  sequence  which  could  hardly  have  been  maintained  had  the 
Silurian  uplands  existed  in  Carboniferous  times.  The  inference 
that  the  uplands  of  Denbighshire  and  Flintshire  are  the  result  of 
post-Carboniferous  upheav^  is  strengthened  by  the  fact  that  the 
Carboniferous  rocks  reposing  on  their  flanks  are  tilted  at  an  angle 
which  would  carry  them  over  their  tops.    This  part  of  North  Wales, 
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therdfore,  presents  a  history  oorrespon<1ing  in  its  main  events  wtth 
-that  of  the  Lake  Distriot  It  had  ondergone  elevation  and  denudation 
in  pe-Carboniferous  times  on  a  soale  ho  vast  that  rocks  showing 
«Iaty  oleavage  and  other  indications  of  deep-seated  metamorphism 
had  heen  laid  hare.  But  in  hoth  cases  it  was  in  conseqnenoe  of 
the  poet-Carhoniferous  movements  that  the  leading  physical  features 
as  they  exist  to*day  hegan  to  take  shape. 

In  both  these  regions  pre-Carboniferous  movements  had  been 
-extremely  active.  For  example,  an  axis  of  compression  and  upheaval 
ranges  from  north-east  to  south-west,  involving  the  Lake  District,  the 
Isle  of  Man,  and  Anglesey.  It  belongs  to  the  Caledonian  system  of 
^disturbances  which  is  developed  on  a  large  scale  further  north,  and 
which  suffice<l  here  to  cause  slaty  cleavage  and  presumably  the 
•extrusion  of  the  Shap  granite.  I  mention  this  pre-Carboniferous 
axis  to  point  out  that  it  offers  an  explanation  of  the  direction  taken 
by  the  post-Carboniferous  disturbances  of  Whitehaven,  Pendle, 
Anglesey,  and  possiblv  Bala.  With  the  exception  of  the  last-named 
they  lie  well  within  the  region  affected,  and  alone  among  the  post* 
darboniferons  axes  take  that  particular  direction. 

The  Pennine  axis  ends  as  a  particular  feature  in  South  Derbyshire 
and  North  Staffordshire  on  the  margin  of  a  deep  channel  filled  with 
Triassio  marl,  which  extends  westwards  from  Nottingham  into 
Shropshire.  In  this  part  of  England  there  springs  into  existence 
a  remarkable  series  of  disturbances  tending  to  radiate  southwards. 
The  westernmost  of  these  is  the  great  fault  which  forms  the  western 
boundary  of  the  North  Staffordshire  Coalfield.  Becent  work  by 
Mr.  W.  Gibson  has  shown  that  the  vertical  displacement  of  tbd 
•Coal-measures  amounts  to  no  less  than  900  yards,  but  that  it  is  far 
less,  though  recognisable,  in  the  Trias,  proving  that  the  disturbance 
was  in  t^  main  pre-Triassic.  The  fault  ranges  from  Macclesfield 
in  a  south-south-westerly  direction,  is  lost  to  view  under  the  Triad 
near  Market  Drayton,  but  is  recognisable  further  on  in  the  great 
dislocation  which  passes  along  the  western  side  of  the  Wrekin,  and 
thence  through  Central  Shropshire  by  Church  Stretton  to  Presteign 
in  Badnorshire,  and  thence  into  Brecknock. 

The  second  is  the  Apedale  Fault  of  the  North  Staffordshire 
Coalfield.  In  working  the  coal  this  disturbance  has  been  found  to 
possess  the  structure  of  a  broken  monocline,  a  fold  with  fracture 
such  as  may  be  regarded  as  an  early  stage  in  the  formation  of  an 
overthrust  from  the  east  It  runs  through  the  coalfield  in  a  direction 
elightly  east  of  south,  and  then  passing  under  the  Trias  of  Stafford 
ranges  for  Wolverhampton  and  Stourbridge.  This  fault  is  mainly 
pre-Triassic,  but  what  Mr.  Gibson  believes  to  be  a  continuation  of 
it,  following  the  same  direction  as  far  south  as  Hanbury,  certainly 
^ects  a  great  movement  in  the  Trias. 

The  third  disturbance  runs  on  the  east  of  the  Forest  of  Wyre 
Ooalfield  in  a  direction  a  little  west  of  south.  Here,  as  I  learn  from 
Mr.  T.  C.  Oantrill,  the  thrust  from  the  east  is  obvious,  for  Old  Bed 
Sandstone  has  been  pushed  from  that  direction  against  and  even 
•over  Coal-meaBure8>  while  the  strata  have  been  forced  dp  into 
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a  verdoal  position  for  some  miles.  In  South  Stafifordsbire  all  the- 
Carboniferous  rocks,  inoluding  the  ''  Salopian  Permian,"  are  involved 
in  this  and  the  previously  mentioned  movement,  proving  that  both 
disturbances  were  of  post-Carboniferous  date. 

Traced  southwards  this  disturbed  belt  leads  to  Abberley,  and 
there  connects  itself  with  the  well-known  Malvemian  axis.  The- 
broken  belt  known  by  that  name  runs  north  and  south,  and  may 
be>  followed  almost  continuously  from  Worcestersliire  to  Bristol. 
It  presents  evidence  of  having  been  a  line  of  weakness  through^ 
a  large  part  of  the  world's  history,  as  shown  by  Professor  Groom, 
and  of  having  yielded  repeatedly  to  earth-stresses;  but  there  ia 
seldom  difficulty  in  distinguishing  the  movements  which  were 
efifected  during  the  period  under  consideration.  For  example,  near 
and  south  of  Abberley  th^  Coal-measures  are  clearly  involved 
in  a  thrust  from  the  east,  which  was  sufficiently  energetic  to  turn 
over  a  great  belt  of  Old  Bed  Sandstone  and  other  rocks  beyond 
verticality  for  some  miles.  Further  south,  again,  among  repeated 
proofs  of  the  ridging  up  of  the  old  axis  in  several  pre-Carbonifeiooa 
periods,  we  find  evidence  of  post-Carboniferous  elevation  along  the 
same  general  line.  Throughout  this  same  region  there  has  been 
also  post-Triassic  dislocation,  which,  however,  is  on  a  comparatively 
small  scale.  That  the  Carboniferous  rocks  were  greatly  disturbed 
before  the  Trias  was  laid  down  is  proved  by  the  great  unconformity 
between  the  two  formations. 

The  Malvemian  axis  continues  southward  by  Newent,  but  perhaps 
with  diminishing  intensity.  On  its  west  side  a  broad  syncline  roUs 
in  the  tract  of  Carboniferous  rocks  which  underlies  the  Forest 
of  Dean.  The  syncline  trends  north  and  south,  and  is  shown  to 
be  of  pre-Triassic  age  by  the  fact  that  the  Triassic  strata  on  the 
banks  of  the  Severn  do  not  share  in  the  synclinal  structure.  Here^ 
we  must  leave  the  Malvemian  axis  for  the  present 

The  fourth  disturbance  ranges  along  the  Lickey  Hills,  which,, 
diminutive  as  they  are,  tell  a  story  of  great  geological  significance. 
They  range  in  a  south-south-easterly  direction,  and  in  the  fact  that 
they  are  formed  of  extremely  ancient  rocks  furnish  evidence  of 
immense  upheaval  From  the  relations  of  these  ancient  formations 
to  one  another  we  may  gather  also  that  the  upheaval  was  due  to 
a  recurrence  of  movement  along  the  same  axis  at  more  than  one 
geological  date,  but  at  the  same  time  we  find  no  difficulty  in 
distinguishing  that  part  of  the  movement  which  took  place  between 
Carboniferous  and  Triassic  times,  for  the  Coal-measures  are  tilted 
up  on  end  along  the  flanks  of  the  axis,  while  the  Trias  passes 
horizontally  over  all  the  tilted  rocks.  A  clue  to  the  southward 
extension  of  the  axis  under  the  Secondary  rocks  is  furnished  by  some 
faulting  as  far  as  Bedditch,  here  dso  there  having  been  a  renewal 
of  movement  on  a  small  scale  in  post-Triassic  times. 

The  fifth  disturbance  runs  through  Warwickshire,  and  indndes 
the  low  ridge  of  ancient  rocks  which  ranges  through  Atherstone 
and  Nuneaton  in  a  south-easterly  direction.  About  fifteen  miles 
to  the  north-east  Archsdan  rocks  form  the  parallel  ridge  or  series 
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of  ridges  of  Charnwood  Forest,  while  the  intervening  spaoe  is  over* 
spread  by  Trias,  resting  partly  on  Oarboniferous  and  partly  on 
older  strata.  The  structure  of  the  Carboniferous  and  older  strata 
is  dominated  by  what  is  known  as  the  Chamian  movement,  whioh 
inolndes  disturbances  of  several  ages  ranging  in  a  south-easterly 
direction,  lliat  part  of  the  movement  whioh  was  post-Carboniferous 
is  identifiable  by  the  fact  that  Coal-measures  are  tilted  on  either 
side  of  the  ridges  of  old  rocks.  They  once  overspread  both  ridges^ 
but  were  removed  by  denudation  as  a  consequence  of  upheaval 
before  the  Trias  was  deposited.  It  has  been  found  also  in  working 
the  coal,  as  I  am  informed  by  Mr.  Strangways,  that  there  are  large 
faults  having  the  south-eastward  or  Chamian  direction  which  shift 
the  Coal-measures,  but  do  not  break  through  the  overlying  Trias* 
The  evidence,  therefore,  of  a  great  Chamian  movement  having  taken 
place  during  the  period  under  consideration  is  conclusive.  The 
disturbance  ranges  as  a  whole  in  the  direction  of  Northampton, 
where,  in  fact,  borings  have  reached  the  Charnwood  rocks  at  no 
great  depth. 

The  five  great  disturbances  which  I  have  briefly  indicated  tend 
to  converge  northwards,  but  their  exact  connection  with  the  Pennine 
axis  is  not  known.  What  may  be  only  a  part  of  that  axis  trends 
for  Charnwood  through  a  tract  of  Lower  Carboniferous  rocks  exposed 
at  Melbourne,  between  the  Yorkshire  and  Leicestershire  Coalfields, 
but  the  Triassio  channel  I  have  already  mentioned  intervenes,  and 
the  structure  of  the  rocks  underlying  the  red  marl  is  unknown. 
The  channel  itself  appears  to  be  of  Triassio  age,  for  not  only  is  the 
depth  of  marl  in  it  suggestive  of  its  having  been  a  strait  in 
the  Triassio  waters,  but  its  northern  margin  has  been  found  by 
Mr.  Gibson  to  coincide  with,  and  perhaps  to  have  been  determined 
by,  faults  known  to  be  mainly  of  pre-Triassic  age.  One  of  these,  with 
a  downthrow  of  400  yards  to  the  south,  runs  from  Trentham  through 
Longton,  and  south  of  Cheadle,  while  another  ranges  from  near 
Nottingham  to  the  north  of  Derby. 

We  oome  now  to  the  south-west  of  England,  where  we  find 
striking  proofs  of  a  still  more  energetic  movement  than  any  yet 
mentioned  having  intervened  between  the  Carboniferous  and  Triassio 
periods.  The  central  part  of  the  Armorican  axis,  as  it  has  been 
called,  after  the  ancient  name  of  Brittany,  trends  nearly  east  and 
west,  and  keeps  to  the  south  of  our  South  Coast;  but  we  have 
opportunities  in  Devon  and  Com  wall  of  seeing  some  of  the 
stupendous  effects  produced  along  its  northern  side.  A  belt  of 
country  measuring  some  130  miles  in  width  has  been  completely 
buckled  up.  Slaty  cleavage  was  superimposed  upon  the  intricate 
folds  into  which  the  strata  were  being  thrown,  while  after  or 
towards  the  close  of  these  phenomena  granite  was  extruded  at 
several  points  along  the  belt  of  disturbance,  a  little  north,  however, 
of  the  line  along  which  the  oldest  rocks  were  brought  up  to  the 
surface.  In  Devon  the  Culm-measures  are  fully  involved  in  the 
movement,  but  on  the  other  hand  the  Permian  strata,  while  con- 
taming  fragments  of  the  deaved  and  metamorphosed  rocks,  aro 
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themselves  wholly  free  from  snch  struotnres.  llie  age  of  the 
folding,  oleavage,  and  extmsion  of  the  granite  is  thus  definitely 
fixed  as  having  been  subsequent  to  the  deposition  of  the  Calm- 
measnres,  but  previous  to  that  of  the  Permian  rooks. 

But  we  may  fix  the  age  still  more  olosely.  A  broad  syndine  of 
Carboniferous  rooks  traverses  Mid-Devon,  and  is  snooeeded  north- 
wards  by  an  anticline  and  by  an  extrusion  of  granite  at  Lundy 
Island,  the  age  of  which,  however,  has  not  yet  been  definitely 
ascertained.  Still  further  north  in  a  series  of  folds  and  overthrusts 
which  traverse  the  southern  margin  of  South  Wales  we  can  recognise 
4he  last  effects  of  the  great  Devonshire  movement  at  a  distance  of 
not  less  than  ISO  miles  from  the  central  axis,  the  ground-swell, 
«o  to  speak,  subsiding  as  it  receded  from  the  distant  storm-area. 
Here  the  higher  Carboniferous  rocks  are  involved,  and  thus  prove 
that  this  part  at  least  of  the  Armorican  disturbance  was  of  post- 
Carboniferous  age. 

In  Dorset,  Somerset,  and  Gloucestershire  the  Palsdozoio  rocks  pass 
•eastwards  under  Secondary  formations,  and  are  seen  no  more  in  the 
south  of  England.  That  the  disturbance  continues,  however,  is 
inferred  from  the  fact  that  it  has  been  traced  across  a  large  part  of 
the  continent  of  Europe  in  the  one  direction  and  across  the  south  of 
Ireland  in  the  other.  The  determination  of  its  position  therefore, 
and  especially  of  the  effects  of  its  intersection  with  the  Midland 
disturbances,  is  of  the  greatest  importance  in  view  of  the  possible 
oocurrenoe  of  oonoealed  coalfields  under  the  Secondary  rocks.  One 
such  intersection  is  open  to  observation. 

The  Malvern  and  Devonshire  disturbances  intersect  in  Somerset 
On  investigating  their  behaviour  as  they  approach  we  may  notioe  in 
the  first  place  that  the  subsidiary  axes  which  form  the  northernmost 
part  of  the  Devonshire  disturbance  in  South  Wales  die  away  one 
after  the  other  towards  the  east.  Thus  an  east  and  west  disturbance 
at  Llanelly  runs  a  few  miles  and  disappears.  The  more  important 
Pontypridd  anticline,  which  traverses  the  centre  of  the  ocMdfield, 
fades  away  near  Caerphilly,  while  the  coalfield  itself  terminates 
a  little  further  east,  its  place  on  the  same  line  of  latitude  being  taken 
by  the  Usk  anticline,  which  trends  southwards  and  south-westwards. 
So  far  it  might  be  inferred  that  the  east  and  west  folds  die  away  on 
approaching  the  north  and  south  Malvemian  axis.  But  the  Cardiff 
anticline,  which  lies  south  of  and  was  more  energetic  than  those 
mentioned,  crosses  the  Bristol  Channel  and,  emerging  on  the  other 
fiide  in  a  complicated  region  near  Clevedon  and  Portishead,  passes 
to  the  north  of  Bristol  and  holds  its  course  right  across  the  coalfield 
at  Mangotsfield.  The  coalfield,  however,  lies  in  what  is  part  of  the 
Malvemian  disturbance,  for  it  occupies  a  syndine  running  north  and 
south  along  the  west  side  of  the  main  axis  of  the  upheaval.  Though 
the  interruption  is  local  and  the  strata  recover  their  north  and  south 
strike  to  the  south  of  it,  yet  the  east  and  west  axis  obviously  holds 
its  course  right  through  the  Malvemian  stracture. 

Still  further  south,  in  the  direction  in  which  the  east  and  west 
movements  gradually  increase  in  energy,  a  series  of  sha^  folds  ia 
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well  displayed  in  the  ooast  of  Soqth  Wales  and  in  an  island  in  the- 
Bristol  Cbauuel,  ranging  for  that  part  of  the  east  and  west  disturb-. 
anoe  whioh  is  known  as  the  Mendip  axis.  This  name  has  beeu* 
wplied  to  a  series  of  short  anticlines  which  are  arranged  en  echelon' 
along  a  line  ranging  east-south-east,  but  each  of  which  runs  east  and 
west.  Among  them  we  may  distinguish  the  Blaokdown  anticline, 
the  Priddv  anticline,  the  Penhill  anticline,  north  of  Wells,  and  the^ 
Downhead  anticline,  north  of  Shepton  Mallet  With  one  exception' 
they  all  die  out  eastwards  after  a  oourse  of  two  to  ten  miles,  but  the 
Downhead  anticline  holds  its  course  into  the  Malvemian  disturbance, 
the  two  engaging  in  a  prodigious  milie  south  of  Badstock.  Fronv 
that  much  shattered  region  the  Downhead  anticline  emerges,  but  the 
Malvemian  axis  is  seen  no  more,  and,  so  far  as  can  be  judged  under 
the  blanket  of  Secondary  rocks,  comes  to  an  end. 

Mention  has  been  made  of  the  fact  that  many  of  the  subsidiary 
east  and  west  folds  die  away  on  approaching  the  Malvemian  axis.  In 
a  general  way  we  may  attribute  their  disappearance  to  the  influence 
of  the  north  and  south  movement,  for  it  is  commonly  to  be  observed 
in  these  g^reat  belts  of  disturbance  that  they  are  composed  of 
a  number  of  parallel  anticlines  or  elongated  domes  of  upheaval, 
constantly  replacing  one  another ;  it  is  a  common  feature  also  tha^ 
these  subsidiary  folds  replace  one  another  not  exactly  in  the  direction 
in  which  they  point,  but  that  they  lie  en  ichdon  along  a  line  slightly 
oblique  to  it.  The  behaviour  of  the  South  Wales  and  Mendip  folds 
is  in  accordance  with  these  observations,  and  may  be  taken  to  indicate 
that  the  effects  of  the  east  and  west  disturbance  reached  further 
north  in  South  Wales  than  they  did  in  Somerset,  or,  in  other  words^ 
that  they  failed  to  penetrate  as  far  into  the  region  where  north  and 
south  movements  were  in  progress  as  in  the  region  where  there  were 
no  movements  in  that  direction. 

The  fact  that  the  east  and  west  folds  keep  their  course  across 
the  north  and  south  wherever  the  two  actually  meet  comes  out 
prominently,  and  supports  the  inference  that  they  dominate  the 
structure  of  the  Palaeozoic  rocks  which  lie  hidden  beneath  the 
Secondary  rocks  of  the  south  and  south-east  of  England.  Somewhere 
under  this  blanket  of  later  formations  the  east  and  west  axis 

Sresumably  intersects  the  other  disturbances  which  traverse  the 
lidlands.  To  ascertain  where  and  how  the  intersections  takea 
place  will  be  going  far  towards  locating  any  concealed  coalfields 
which  may  exist;  but  the  knowledge  can  be  obtained  only  by 
boring,  and  the  number  of  such  explorations  as  yet  made  is  wholly 
insuf^ient.  The  majority  have  been  made  in  search  of  water, 
and  have  been  stopped  as  soon  as  a  supply  was  secured.  Neai* 
Northampton  the  older  rocks  were  reached  at  a  small  depth  on 
what  is  believed  to  be  the  underground  continuation  of  the  Chamian 
<uis,  and  a  boring  at  Bletchley  traversed  what  is  thought  to  have 
l^u  a  great  boidder  of  Chamian  rock,  suggesting  that  the  axis 
is  not  far  off;  but  with  these  exceptions  the  counties  of  Oxford, - 
Buckingham,  Bedford,  Huntingdon,  Cambridge,  and  Norfolk  are 
ludcnown  ground.    Tet  under  these  counties  the  axes  must  run 
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if  they  keep  their  course.  Where  exposed  at  the  surface  each  post- 
Carboniferous  synoline  between  two  axes  contains  a  coalfield.  It 
remains  to  future  exploration  to  ascertain  whether  similar  conditions 
hold  good  under  the  Oolitic  and  Cretaceous  areas  of  Central  England, 

In  speaking  of  the  north  and  south  disturbances  I  have  in  more 
than  one  case  stated  that  the  post-Carboniferous  movement  was  but 
a  renewal  of  activity  along  an  old  line  of  disturbance.  The  fact  is 
proved  by  the  unconformities  visible  among  the  pre-Carboniferous 
rocks,  and  it  is  important  for  the  reason  that  the  geography  of  this 
part  of  the  globe  at  the  commencement  of  the  Carboniferous  period 
had  been  determined  by  these  movements.  It  has  long  been  known, 
for  example,  that  the  parts  of  the  counties  of  Stafford,  Warwick,  and 
Leicester  traversed  by  the  axes  of  upheaval  were  not  submerged  till 
late  in  the  Carboniferous  period.  On  the  other  hand,  some  of  the 
area  lying  immediately  west  of  the  Malvemian  axis  was  submerged 
at  an  earlier  date,  as  is  shown  by  the  existence  of  Carboniferous 
Limestone  at  Cleobury  Mortimer  and,  in  greater  development,  in  the 
Forest  of  Dean.  The  borings  near  Northampton  also  proved  the 
presence  of  Carboniferous  Limestone,  a  fact  which  is  in  favour  of 
the  occurrence  of  concealed  coalfields,  in  so  far  as  it  indicates  that 
the  whole  Carboniferous  series  may  have  once  existed  there.  It  is 
remarkable  that  none  of  the  borings  in  the  south  and  east  of  England 
have  touched  Carboniferous  Limestone,  all  having  passed  into  older 
or  newer  rocks.  The  existence  of  that  formation  is  neither  proved 
nor  disproved. 

The  determination  of  the  age  of  these  disturbances  and  a  discussion 
of  the  pre-Carboniferous  geography  may  seem  at  first  sight  to  be 
only  of  scientific  interest,  but  that  problems  of  great  economic 
importance  are  involved  has  been  shown  recently.  It  has  long 
been  known  that  the  principal  coal-seam  of  South  Staffordshire 
deteriorates  westwards  as  it  approaches  the  pre-Carboniferous  ridge 
evidenced  in  the  neighbourhood  of  Wyre  Forest  There  seemed, 
however,  to  be  no  theoretical  reasons  why  it  should  not  keep  its 
characters  on  either  side  of  the  fault  which  forms  the  western 
boundary  of  the  South  Staffordshire  Coalfield,  inasmuch  as  that  fault 
<3ame  into  existence  after  the  deposition  of  the  Coal-measures.  A  shaft 
recently  sunk  has  proved  the  correctness  of  the  inference.  The  seam 
has  been  found  to  be  well  developed  to  the  west  of  the  fault,  and 
a  considerable  addition  has  been  made  to  our  productive  coalfields. 

So  much  has  been  written  about  the  range  of  the  Devonshire 
disturbance  under  the  south  of  England  that  I  shall  add  no  more  than 
a  brief  comment  on  some  of  the  evidence  on  which  reliance  has  been 
placed.  We  have  seen  that  there  has  been  some  post-Triassic  move« 
ment  along  old  lines  of  disturbance  in  North  Wales  and  the  Midlands 
and  along  the  Malvern  axis.  It  is  suggestive,  therefore,  to  find  that 
in  the  region  which  we  believe  to  be  underlain  by  the  east  and  west 
disturbance  east  and  west  folding  forms  the  dominant  structure  of 
the  Secondary  and  Tertiary  rocks. 

The  anticlines  of  the  Vales  of  Pewsey  and  Wardour,  the  London 
syncline,  the  Wealden  anticline,  the  Hampshire]  syncline,  and  the 
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antioline  of  the  Isles  of  Wight  and  Purbeok,  not  only  lie  in  the 
range  of  the  axis,  but  show  an  inoreasing  intensity  southwards, 
towards  what  we  may  suppose  to  have  been  the  most  aotive  part  of 
that  axis.  A  similar  struoture  prevails  in  the  Oolitio  rooks  also; 
They  too  had  been  thrown  into  east  and  west  folds  before  the 
Oretaoeous  period,  and  this  earlier  set  of  movements  also  grew  in 
intensity  towards  the  south.  It  would  seem,  then,  at  first  sight  that 
the  struoture  of  the  later  rooks  gives  an  easy  olue  to  the  struoture  of 
the  older  rooks  buried  beneath  them.  This  is  by  no  means  the  oase* 
That  the  movements  manifested  in  the  Oolitio  and  Cretaoeous  rooks 
followed  the  same  general  line  as  the  older  movement  admits  of 
little  doubt,  but  that  the  later  structures  correspond  in  detail  with 
the  earlier  is  improbable. 

A  brief  examination  of  the  region  where  the  Oarboniferous  rooks 
disappear  under  the  Secondary  formations  will  give  the  grounds 
for  this  statement.  There  we  find  that  the  Trias  passes  over  the 
<x)m plicated  flexures  of  the  Mendip  axis  in  undulations  so  gentle 
as  to  prove  that  those  flexures  had  been  completed  before  it  was 
deposited.  Nor,  again,  do  the  members  of  the  Oolitic  group  of  the 
rocks  cropping  out  in  succession  further  east  show  any  such  folds 
as  those  visible  in  the  Carboniferous,  and  it  is  not  till  we  have 
passed  over  a  considerable  tract  of  Secondary  rocks  in  which 
there  are  no  signs  of  east  and  west  folding  that  we  reach  the 
anticlines  of  the  Vales  of  Pewsey  and  Wardour.  Nor  can  we 
then  fit  these  folds  in  the  Oretaceous  formation  on  to  any  visible 
axes  in  the  Carboniferous  rocks.  Under  these  circumstances  it 
would  be  unjust  to  suppose  that  such  synclines  and  anticlines  as 
those  of  the  London  and  Hampshire  basins,  or  of  the  Weald, 
coincide  with  previously  formed  synclines  and  anticlines  in  the 
older  rocks.  They  give  a  clue  to  Uie  position  of  the  old  axis,  but 
not  necessarily  to  the  details  of  its  structure.  Yet  it  is  upon  the 
determination  of  the  position  of  the  older  anticlines  and  synclines, 
and  of  their  intersection  with  the  north  and  south  disturbances, 
that  we  must  depend  for  locating  concealed  coalfields.  So  far  but 
little  has  been  done  in  the  forty -eight  years  since  the  question 
was  first  mooted  by  God  win- Austen.  The  existence  of  a  coalfield 
in  Kent  has  been  proved,  and  what  appears  to  be  a  prolongation 
of  a  disturbance  from  the  Pas  de  Calais  along  the  south-western 
side  of  it  The  other  borings  which  have  reached  the  Palsdozoio 
floor  round  London  and  at  Harwich  have  thrown  but  little  light 
on  the  details  of  its  structure.  By  tea  the  greater  part  of  the  ground 
remains  yet  to  be  explored. 

In  this  brief  review  of  the  earth-movements  of  one  period,  as 
manifested  in  one  small  part  of  the  globe,  we  have  found  reason  to 
oondude  that  they  were  the  result  of  compression  and  upheaval ; 
that  the  crust  yielded  to  the  oompression  by  overthrusting  and 
buckling  along  certain  belts;  that  these  belts  in  the  north  of 
England  and  the  Midlands  ran  for  the  most  part  north  and  south, 
diverging,  however,  to  the  south-west  and  to  the  south-east,  while  in 
the  south  of  England  they  took  an  east  and  west  direction  and 
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ooncentrated  themselves  along  a  belt  of  oomitry  whioh  presents 
the  phenomeoa  of  oroshing  on  a  stapendoas  soale.  We  have 
touohed  in  two  oases  the  flanks  of  a  monntain-ran^e,  the  Caledoniaii, 
whioh  was  bnilt  and  ruined  before  the  Carboniferous  period ;  tiie* 
Armorioan,  whioh  was  built  after  that  period,  and  which,  thoi^ 
it  has  stirred  so  reoently  as  the  late  Tertiary  period,  and  so- 
energetical  ly  as  to  initiate  the  physical  features  and  river-system  of 
the  south  of  England,  yet  expended  the  greater  part  of  its  energy 
before  the  Permian  period.  Lastly,  we  have  found  evidence,  in  Uie 
majority  of  cases,  that  the  disturbances  were  but  renewals  of 
movement  along  lines  of  weakness  long  before  established,  and  that 
in  several  cases  there  has  been  further  renewal  along  the  same  llnes- 
during  successive  periods  later  than  the  one  we  have  considered. 
With  such  a  history  before  us,  and  with  the  knowledge  that 
mountain-ranges  have  been  built  in  other  parts  of  the  world  by  the 
upheaval  of  strata  of  almost  recent  date,  we  have  more  cause  to- 
wonder  that  the  internal  forces  have  left  this  quarter  of  the  globe 
alone  for  so  long,  than  reason  to  believe  that  they  have  ceased  to 
exist.  Changes  of  level,  however,  have  taken  place  in  comparatively 
recent  times,  and  are  now  in  progress.  Though  almost  imperceptibly 
slow,  they  serve  to  remind  us  that  a  giant  lies  sleeping  under  our 
feet  who  has  stretched  his  limbs  in  the  past,  and  will  stretch  them 
again  in  the  future.  Nor  in  view  of  the  fact  that  the  structures- 
I  have  described  have  only  been  revealed  by  the  denudation  of  vast 
masses  of  strata  does  it  seem  unreasonable  to  suppose  that  they  are- 
deep-seated  phenomena.  The  slow  changes  of  level  may  be  the^ 
outward  manifestation  of  more  complicated  movements  being  iiv 
progress  at  a  depth. 

It  is  interesting  to  speculate  on  what  appearance  the  globe  would 
have,  presented  had  it  not  been  enveloped  in  an  atmosphere  and 
covered  for  the  most  part  with  water.  Owing  to  those  ciroumstancefr 
it  possesses  the  power  of  healing  old  wounds  and  burying  old  scars. 
In  their  absence  we  may  suppose  that  the  belts  of  crushing  and 
buckling  would  have  given  rise  to  ridges  growing  in  size  at  every 
renewal  of  movement,  for  they  would  have  been  neither  levelled 
by  denudation  nor  smoothed  over  by  sedimentation.  This  globe, 
we  may  suppose,  would  have  appeared  to  the  inhabitants  of  another 
planet  as  being  encompassed  in  a  network,  and  we  are  prompted 
to  ask  whether  our  astronomers  can  distinguish  in  any  othw  planet 
markings  that  may  be  attributable  to  this  cause.  I  must  remind 
you,  however,  how  much  more  remains  to  be  done  than  I  have  been 
able  to  touch  upon  to-day.  The  map  (exhibited)  represents  one^ 
episode  only  in  a  long  series  of  events,  and  a  series  of  such  mapfr 
would  be  required  to  illustrate  the  first  appearance  of  lines  of 
weakness  in  the  earth's  crust,  the  subsequent  renewals  of  movement 
along  those  lines,  and  the  formation  of  new  lines  in  successive 
geological  periods.  With  the  case  thus  set  out  we  shall  be- 
justified  in  appealing  to  the  physicists  for  an  explanation  of  the 
restlessness  of  this  globe. 
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II.— Shobt  Notiom. 

1.  South  Afbioan  Oboloot. — Dr.  F.  H.  Hatoh  extends  our  know- 
ledge of  the  geology  of  the  Transvaal  by  desoribing  in  Trans.  GhdoL 
Soa  South  Africa  (vii,  1904)  the  Marioo  district  This  is  stated 
to  be  a  great  syncline  formed  by  the  Pretoria  beds,  the  Dolomite 
and  Black  Beef  Formations,  and  the  underlying  Yentersdorp  beds. 
Dr.  Hatch  describes  the  interesting  igneous  complex  to  which 
reference  has  been  made  by  Molengraafif  under  the  name  of  the 
*<  Plutonic  Series  of  the  Bush  Veld."  In  this  complex  the  great 
development  of  pyroxenite  with  associated  peridotites  would  appear 
to  constitute  an  outer  ultra-basic  zone.  For,  as  one  travels  east- 
wards, one  traverses  successively  zones  of  a  more  and  more  acid 
type,  untQ  rocks  are  reached  in  which  quartz  plays  the  predominant 
rdle,    A  rough  map  attached  to  the  paper  explains  this  succession. 

Dr.  Oorstorphine,  in  dealing  with  the  Central  South  African 
Coalfield  (Trans.  Geol.  Soc.  South  Africa,  vi),  considers  that  the 
coal  of  Vereeniging  and  that  of  the  Orange  Biver  Colony,  as  well 
as  that  of  the  Eastern  Transvaal  and  the  neighbouring  portion  of 
Natal,  is  of  Ecca  Age.  Molengraaff  (ibid.)  concludes  that  the 
remarkable  tectonics  of  the  Yredefort  mountain -land  have  been 
caused  by  the  intrusion  of  a  huge  granite  boss,  the  Yredefort  granite, 
which  phenomenon  took  place  after  the  deposition  of  the  rocks  of 
the  Cape  System  (Black  Beef  series.  Dolomite  series,  and  Pretoria, 
or  Gatsrand,  series),  and  before  the  deposition  of  the  strata  of  the 
Karroo  System ;  and  in  the  discussion  which  followed.  Hatch  said 
he  agreed,  and  that  Molengraaff  was  also  probably  correct  with 
regard  to  the  overtilting  of  the  Witwatersrand  beds. 

J.  P.  Johnson  has  described  (ibid.)  some  implement-bearing 
gravels  in  the  neighbourhood  of  Johannesburg.  These  show  fades 
of  true  Eoliths,  Palsdoliths,  and  Neoliths,  as  compared  with 
European  examples,  and  the  author  comes  to  the  conclusion  that 
the  Bezuidenhont  Yalley  drift  must  be  much  newer  than  the  hill- 
drift  of  Bordekop,  and  that  the  close  of  the  Neogene  era  in  South 
Africa  saw  much  the  same  evolution  in  the  culture  of  its  stone-age 
as  did  that  of  the  Thames  basin  and  the  rest  of  Britain  and  Western 
Europe,  and  that  such  progress  must  have  taken  an  approximately 
equal  length  of  time. 

J.  Euntz  (ibid.)  gives  an  interesting  example  of  the  pseudo- 
morphosis  of  quartz  pebbles  into  calcite.  T.  N.  Leslie,  in  reviewing 
the  fossil  flora  of  Yereeniging,  carefully  points  out  the  many  errors 
that  have  occurred  in  recording  various  plants  from  these  beds,  and 
gives  Seward's  final  list  of  plants  as  showing  the  Permo-Carboni- 
ferous  age  of  these  plants  as  compared  with  those  of  India  and 
South  America. 

The  Annual  Beports  for  1901  and  1902  of  the  Geological 
Commission  of  the  Cape  of  Good  Hope  provide  much  matter  of 
special  interest.  Messrs.  Bogers  and  Sohwarz  report  on  a  journey 
from  Swellendam  to  Mount  Bay,  on  a  general  survey  of  the  rooks 
in  the  southern  part  of  the  Transkei  and  Pondoland,  including 
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a  desoription  of  the  Oretaoeoos  rook  of  Eastern  Pondoland,  and  on 
a  geological  sarvey  of  the  Eentani  division.  The  shells  and  bones 
in  the  Oretaoeons  appear  to  be  rolled  and  rounded  in  the  lowest 
beds.  The  bones  include  those  of  Ohelonia,  and  a  lower  jaw 
resembling  that  of  MoBOsaurw,  while  sharks'  teeth  also  ooour. 
Further  reports  by  the  same  authors  deal  with  the  Matatiele 
division,  with  an  aooount  of  the  petrography  of  the  voloanic  rooks, 
and  on  the  divisions  of  Beaufort  West,  Prince  Albert,  and  Suther- 
land. The  authors  propose  a  slightly  different  classification  of 
the  Karroo  System,  in  that  they  separate  the  Dwyka  series  from 
theEoca. 

2.  CsTLON.— The  Report  of  the  Director  of  the  Mineralogical 
Survey  of  Ceylon  Administration  Reports,  1903,  pt.  iv  (Miscellaneous), 
has  just  reached  us.  The  Mineralogical  Survey  was  established 
in  the  latter  part  of  1902  for  three  years,  the  objects  being  an 
examination  of  the  occurrence  of  economic  minerals  in  the  island 
¥dth  a  view  to  their  further  development  and  the  preparation  of 
a  report  descriptive  of  the  mineral  resources,  as  well  as  the  arrange- 
ment of  the  geological  collections  in  the  Museum  and  the  aocnmu- 
lation  of  further  specimens,  a  duplicate  series  being  reserved  for 
exhibition  at  the  Imperial  Institute.  A  separate  guide  to  the 
geological  collections  is  to  be  ultimately  prepared. 

The  staff  consists  of  a  Director,  A.  E.  Goomaraswamy,  an 
assistant  director,  James  Parsons,  an  office  peon,  two  overseers, 
a  '  collector '  (sic),  and  eight  coolies.  The  staff  is  sanguine  enough 
to  suggest  that  1,000  square  miles  can  be  superficially  surveyed  in 
the  course  of  a  year.  Perhaps  we  under-estiroate  the  capacity  of 
the  peon. 

The  greater  part  of  Ceylon  consists  of  ancient  crystalline  rooks, 
mmulites,  or,  in  a  wide  sense,  gneisses,  which  belong  to  the 
Cbamockite  series.  Mica  seems  to  be  the  most  important  eoonomio 
mineral  in  the  area  reported  upon,  and  includes  museovite,  biotite, 
and  phlogopite,  of  which  the  latter  is  of  chief  commercial  importance. 
Graphite,  the  most  important  of  all  the  mineral  resources  of  the 
island,  is  chiefly  distributed  in  areas  outside  the  range  of  this  report, 
but  sketches  of  several  mines  are  given.  Working,  however, 
depends  on  the  price  of  the  graphite,  which  is  at  present  low. 
Iron  is  the  only  metal  treated  of.  The  precious  stones  mentioned 
are  Corundum,  Moonstone  and  Oamet,  and  the  other  mineral 
mentioned  is  Pitchblende  (Uraninite),  but  a  footnote  states  that  the 
materials  from  Bambarbotuwa  and  Oarapola  are  probably  not 
Uraninite  but  a  new  mineral,  whose  detailed  composition  is  not  yet 
certain.  Mr.  Coomaraswamy  does  not  believe  in  the  reported 
discoveries  of  Cinnabar,  he  thinks  Sindurankanda  was  <  salted,'  and 
that  there  is  no  geological  probability  of  there  being  ore  of  mercury 
at  Eotte. 

The  arrangement  of  the  Museum  goes  on  slowly  but  surely,  and 
the  Director  asks  for  a  special  grant  to  enable  him  to  secure  and 
exhibit  a  representative  collection  of  gems. 
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3.  EucERATHERivM. — This  is  a  singnlar  qoaternary  nngalaia  found 
%y  W.  J.  Sinclair  and  E.  L.  Furlong  in  the  oaTOB  of  the  Shasta 
-country,  California.  Its  affinities  are  not  clear.  It  may  be  placed 
in  the  Ovin»,  but  cannot  be  regarded  as  intimately  related  to  any 
existing  North  American  member  of  that  group.  The  cranium  is 
lai*ger  than  in  the  big-horn  sheep,  while  the  horn-cores  are  smaller, 
«re  situated  much  further  behind  the  orbits,  and  differ  greatly  in 
form  and  curvature.  Although  there  is  a  resemblance  to  Ovxhos 
in  dental  structure,  the  horn-cores  are  of  an  entirely  different  type. 
A  relationship  with  the  cattle  is  excluded  by  fundamental  differences 
in  dental  structure.  It  is  separated  from  the  goats  by  the  presence  of 
a  lachiymal  pit.  This  character  serves  to  distinguish  Euceratherium 
from  Haplocerus,  from  which  it  differs  also  in  greater  size,  in  the 
shape  and  position  of  the  horn-cores,  and  in  the  exclusion  of  the 
parietal  from  the  cranial  roof.  The  description  and  plates  appear 
in  Bull.  Geol.  Univ.  California  Publications,  iii,  1904. 

4.  Geology  under  the  Planstesimal  Hypothesis  of  Earth* 
Origin.— In  the  Bull.  Geol.  Soc.  Amer.  (xv,  1904)  H.  L.  Fairchild 
discusses  the  bearings  on  several  problems  in  geology  of  the  new 
hypothesis  of  earth-origin  recently  formulated  by  T.  C.  Chamberlin. 
This  hypothesis  will  shortly  be  printed  in  full  in  a  new  text-book 
by  T.  C.  Chamberlin  and  B.  D.  Salisbury.  Its  comparison  with 
the  nebular  theory  is  thus  given  by  Fairchild  :  "  The  old  hypothesis 
assumes  the  existence  of  a  mass  of  incandescent  vapour,  with  or 
without  a  nuoleuS;  which  by  condensation  and  rotation  was 
differentiated  into  successive  rings,  the  latter  being  eventually 
gathered  into  the  planets  while  still  retaining  intense  heat.  From 
this  postulate  there  necessarily  follows  the  conception  of  a  cooling 
earth,  and  hypogeic  geology  has  been  founded  on  the  idea  of  onistal 
solidification  on  a  molten  globe.  The  new  hypothesis  holds  thai 
the  disseminated  planet- forming  matter  had  lost  its  heat  while  yet 
existing  in  the  loose  form,  as  rings  or  wisps  of  the  parent  nebula, 
and  that  the  globular  planets  were  formed  by  the  slow  accretion 
or  infalling  of  cold  discrete  bodies  or  particles  (*  planetesimals '). 

'*  The  old  hypothesis  assumes  an  originally  hot  globe  with 
shrinking  on  account  of  cooling.  The  new  regards  the  globe  as 
originally  and  always  cold  at  the  surface,  and  the  interior  heat 
as  the  product  of  gravitational  condensation.  The  old  view  requires 
continuous  cooling  of  the  globe,  while  the  new  allows  the  conception 
of  increasing  internal  heat.  The  old  hypothesis  makes  the  earth 
of  largest  size  at  birth  and  of  constantly  diminishing  volume.  The 
new  regards  the  earth  as  beginning  with  a  small  nudeus  and  slowly 
growing  by  surface  accretion,  but  with  large  reduction  of  volume 
by  compression  during  and  subsequent  to  the  aooretionary  process. 
The  old  hypothesis  involves  the  recognition  of  a  primal  heated 
atmosphere  and  ocean  consisting  of  the  more  volatile  substances 
^f  the  earth's  mass.  The  new  derives  the  present  fluid  envelopes 
from  the  earth's  interior  by  a  slow  process  of  expulsion  due  to 
pressure  and  heat" 

Having  thus  distinguished  the  new  theory  from  the  old,  Fairchild 
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disouBses  on  the  new  basis  the  following  points  :  —  Origin  of 
the  atmosphere  and  ooean  ;  earliest  sedimentary  rocks  ;  volcanic 
phenomena;  source  of  the  hydrocarbons;  genesis  of  metalliferoas 
deposits ;  origin  of  gypsum  and  salt ;  climates ;  glaciation  ; 
diastrophic  movements  ;  irregularities  of  the  earth's  figure ;  and 
life  on  the  earth. 

6.  The  Frank  Landslip.— The  Department  of  the  Interior  of  the 
Dominion  of  Canada,  in  their  Annual  Report  for  1903,  has  issued 
a  report  on  the  disastrous  landslide  at  Frank,  by  Messrs.  B.  O. 
McCk)nnell  and  B.  W.  Brock.  Turtle  Mountain,  the  eastern  face 
of  which  gave  way  on  29th  April,  1903,  consists  of  Devonian 
Limestones  resting  on  Cretaceous  shales  and  sandstones.  The 
Devonian  beds  dip  to  the  west  at  an  average  angle  of  50^.  The 
fall  occurred  about  4.10  a.m.,  and  consisted  of  a  mass  of  rock  half 
a  mile  square,  and  400  to  500  feet  thick.  The  mass  broke  acrose 
the  bedding  planes  almost  at  right  angles,  and  therefore  the  slide 
falls  under  Balzer's  heading  of '  Bergstiirtz,'  of  which  it  is  a  typical 
example.  The  mass  appears  to  have  been  shattered  into  fragments 
during  its  descent,  and  the  material  seems  to  have  travelled  by 
a  succession  of  great  leaps,  or  ricochets,  rather  than  by  a  true  slide. 
The  bulk  of  the  fallen  mass  is  calculated  at  neariy  36,000,000  cubic 
yards,  equal  in  weight  to  some  80,000,000  tons.  The  primary 
cause  of  the  breaking  away  of  the  mass  from  Turtle  Mountain  is 
to  be  found  in  the  structure  and  condition  of  the  mountain  itself. 
It  was  ripe  for  a  slide.  The  steep  slopes,  the  shattered  and 
fractured  nature  of  the  rocks,  particularly  of  the  basal  beds  of  the 
limestone  series,  overlying  a  thrust-fault,  coupled  with  unusually 
heavy  precipitation,  are  causes  which  in  themselves  are  quite 
sufficient  to  have  produced  the  slide,  and,  unaided,  the  loosened 
masses  would  sooner  or  later  have  fallen.  The  report  points  out 
the  probability  of  further  slides  in  the  same  area,  and  advises  the 
inhabitants  of  Frank  to  move  up  the  valley. 
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I.  —  On  80MB  Additional  Fossils  from  the  Vanoouvsr 
Cbbtaobous,  with  a  Bbvised  List  of  the  Speoies  therefrom. 
By  J.  F.  Whiteaves,  LL.D.,  F.G.S.,  etc.  Geological  Survey 
of  Canada,  part  v,  pp.  309-416,  pis.  40-51.  (Ottawa,  August^ 
1903.) 

THIS  is  the  concluding  part  of  the  first  volume  of  illustrated 
reports  upon  the  Cretaceous  fossils  from  the  Queen  Charlotte 
and  Vancouver  Islands,  the  first  part  of  which  appeared  in  1876. 
It  deals  more  particularly  with  the  fossils  which  have  been  obtained 
from  Vancouver  and  the  adjacent  islands  since  1879.  The  rocks^ 
containing  these  fossils  were  named  the  Nanaimo  group  by  the  late 
Dr.  Dawson,  and,  as  now  understood,  this  group  appears  to  be  the 
equivalent,  not  only  of  the  Chico  group  of  California,   but  also- 
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of  the  Pierre-Fox  HiUb  or  Montana  formation  of  Manitoba,  the 
North-west  Territories,  and  the  Upper  Missouri  oonntry ;  also,  in 
a  general  way,  of  the  Upper  Ohalk  of  England  and  the  Senonian 
of  the  Continent.  Dr.  Kossmat  correlates  it  more  particularly  with 
the  upper  part  of  the  Senonian.  The  fossils  of  this  group  are  very 
similar  to  those  of  the  higher  beds  of  the  Upper  Cretaceous  in  the 
Island  of  Saghalien,  in  Japan,  and  Southern  India.  On  the  other 
band,  they  very  distinctly  differ  from  those  in  the  somewhat  older 
Cretaceous  rocks  of  the  Queen  Charlotte  Islands,  and  only  a  few 
species  are  common  to  both  formations. 

With  the  exception  of  a  single  species  of  Unio  and  a  few  doubtfiil 
^asteropods,  the  Nanaimo  fauna  is  exclusively  marine.  The  following 
are  the  more  salient  features  of  the  fauna  as  enumerated  by  the 
Author : 

FiBhtM. — These  are  very  few,  and  only  comprise  vertebne  of 
teleosts,  the  centrum  of  a  vertebra  of  a  Selachian  which,  in  an 
oarlier  part,  had  been  described  as  a  new  species  of  Disdna,  and 
teeth  of  Zamna  appendictdata.  The  fish  remains  had  been  submitted 
to  Dr.  A.  Smith  Woodward,  F.Ra 

Cruataeea, — The  Decapoda  are  fairly  numerous,  and  nine  species 
have  lately  been  described  by  Dr.  Henry  Woodward,  F.E.S-  They 
belong  to  the  following  genera:  Plagiolophus,  Palaocory$te$, 
CallianaBBa,  JSoploparia,  Enoplodyiiaf  Hryma,  Meyeriaff  Olyphaa, 
and  ZinuparuB. 

Ammonitida. — The  genus  Pachydiscua  is  largely  developed,  and 
no  fewer  than  eight  species  are  enumerated  or  described.  They 
have  been  studied  by  Dr.  F.  Kossmat  of  Vienna,  and  directly 
oompared  with  allied  species  from  Southern  India  and  Europe. 
No  species  of  Pachydiictu  has  yet  been  discovered  in  the  Cretaceous 
of  the  Queen  Charlotte  Islands.  BacuUtei  likewise  does  not  occur 
in  these  Islands,  though  one  species  is  very  common  in  the  Nanaimo 
^roup. 

Oa$teropoda. — A  small  smooth  species  of  Oypraa  is  present; 
there  are  also  three  large  species  probably  belonging  to  MesoBtama, 
Deshayes;  a  Solariella  hardly  distinguishable  from  S.  radiatula, 
Forbes,  from  the  Cretaceous  rocks  of  Saghalien  and  Southern  India ; 
and  a  large  limpet-like  shell,  which  is  probably  only  a  variety 
of  Melcion  gigarUeus,  from  the  Cretaceous  of  SaghaUen. 

Pelecypoda.  —  A  considerable  reduction  has  been  made  in  the 
number  of  species  of  InoceramHS,  as  both  the  J.  undulaiopUcatua, 
Roemer,  and  I.  mytilop$i8,  Conrad,  are  now  considered  to  be 
synonyms  of  I.  digitatuB,  Sowerby,  which  occurs  in  the  Cretaceous 
of  Texas,  Nebraska,  and  Saghalien.  Also  a  species  of  Unio  has 
been  found,  apparently  distinct  from  U,  Htibbardi,  Gabb,  from  the 
Queen  Charlotte  Island  Cretaceous. 

The  new  forms  are  illustrated  in  the  accompanying  plates,  and 
a  list  of  the  fossils  of  the  Nanaimo  group  is  appended ;  there  is 
also  an  index  to  the  generic  and  specific  names  occuring  in  the 
volume. 
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n. — ''USBEE  DIB  HOBPHOLOQIB  UHD  MOBPHOOBKHB  DBB  BuQOSA.*^ 

On  thb  Hobphologt  and  thb  Mobphoqbnt  of  thb  Bugosa.  Bjr 
N.  Jakowlbw.  From  the  "  VerhaQcllungeD  der  Bnssisoh* 
Eaiseiliohen  [Hineralog^hen  Oesellschaft,'*  BcL  xli,  Lief  2. 
8t  Petersburg,  1904] 

IN  a  paper  under  ihe  above  title  N.  Jakowlew  deals  with  the 
struotoral  peouliarities  of  the  Bagose  Corals,  seeking  to  explain 
these  peculiarities  in  the  light  of  possible  relationships  between 
the  Bugosa  and  the  Hexaoorals. 

The  most  remarkable  oharacteristio  of  the  Bugosa  compared  with 
the  Hexacorals  is  their  bilateral  symmetry,  of  which  the  chief 
expressions  are  the  bent  corallum,  the  presence  of  a  main  septum 
(<  hauptseptum '),  and  of  a  fossula  ('  septalgrube '). 

As  many  as  four  fossulsa  have  been  claimed  as  occurring  in  some 
forms  of  Kugosa,  but  it  is  shown  that  the  depressions  at  the  alar 
septa  ('  seitensepten ')  are  not  to  be  distinguished  by  any  morpho- 
logical difference  from  other  interseptal  loouli,  so  that  no  fossula 
occurs  except  in  the  plane  of  symmetry  of  the  coral.  Nor  can  any 
instance  be  found  of  two  fossuUd  occurring  in  the  plane  of  symmetry. 
And  when  one  occurs,  the  septum  situated  in  it  has  always  been 
found  to  be  the  main  septum.  Therefore  the  presence  of  a  fossula 
always  indicates  the  presence  of  the  main  septum. 

Some  would  define  the  main  septum  as  that  primary  septum  which 
occurs  on  the  convex  side  of  the  coral.  Nicholson  is  quoted  as  an 
author  who  does  so.  It  is  shown,  however,  that  the  peculiarities 
which  distinguish  the  main  septum  are  the  behaviour  of  the  other 
septa  towards  it,  as  shown  by  their  outcrops  on  the  surface  of  the 
oorallum  after  the  epitheca  has  been  removed.  From  this  aspect 
the  outcrops  of  the  secondaries  are  seen  to  be  pinnately  arranged 
with  regard  to  that  of  the  main  septum,  and  parallel  to  that  of  the 
counter  septum  ('  begenseptum  ') ;  also  those  between  the  alar 
septum  and  the  main  septum  (i.e.  those  in  the  main  quadrants)  are 
pturallel  to  the  former,  while  those  between  the  former  and  the  counter 
septum  (i.e.  those  in  the  counter  quadrants)  meet  the  alar  septum 
at  an  angle.    Again,  the  outcrops  of  the  secondary  septa  in  the  main 

auadrants  meet  the  plane  of  the  mouth  opening  (or,  what  is  the  same 
^ing,  the  lines  of  growth)  at  an  oblique  angle,  while  those  in  the 
counter  quadrants  meet  the  lines  of  growth  at  right  angles. 

Thus  defined,  the  main  septum  b  found  to  occur,  often  in  the 
same  genus,  now  on  the  concave  and  now  on  the  convex  side  of 
the  oorallum.  That  is  to  say,  the  two  chief  expressions  of  bilateral 
^mmetry  in  the  Bugosa  (the  presence  of  the  fossula  having  been 
^own  to  be  bound  up  with  that  of  the  main  septum),  namely  the 
bending  of  the  coral— what  might  be  called  *  external  bilateral 
symmetry' — and  the  presence  of  the  main  septum — what  might 
be  called  < internal  bilateral  symmetry' — occur  independently  of 
each  other.  The  question  naturally  arises,  which  appeared  first? 
Whether  the  bending  caused  the  bilateral  symmetry,  or  whether 
"the  bending  •  •  •  .  arises  from  a  tendency  in  the  ooral 
towards  bilateral  symmetry." 
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If  the  bilateral  Bymmetiy  Ib  the  resnlt  of  the  beDcting,  we  mast 
imagine  a  yoang  form,  having  a  hereditary  tendency  totraxle  ra^al 
symmetry,  varying  from  its  anoestral  type  by  growing  in  a  curved 
manner  instead  of  straight  This  curved  growth  beoBtme  fixed  in 
its  descendants,  the  curved  form  having  been  selected  owing  to  some 
advantage  it  gained  over  its  straight  fellows,  possibly  by  presenting 
a  mouth  more  or  less  perpendicular  to  a  horizontal  current  bearing 
the  food  supply.  The  curvature  of  the  corallum,  caused  perhaps 
by  unequal  growth,  perhaps  by  the  falling  over  of  the  cord  as  its 
bulk  increased,  or  by  some  unknown  agent,  induced  bilateral 
symmetry  in  the  soft  parts  by  causing  them  to  gravitate  towards 
the  lower  side  of  the  mouth  opening.  The  skeleton  thenceforward 
secreted  was,  therefore,  bilatenuly  symmetrical,  because  it  could  only 
take  the  shape  of  the  soft  parte  by  which  it  was  formed.  This  IS 
in  the  main  H.  M.  Bernard's  view,  who  says  that  the  formation  of 
the  fossula  would  be  a  natural  outcome  of  this  gravitation  of  the 
soft  parts. 

Ou  the  other  hand,  Duerden  has  suggested  that  the  bilateral 
symmetry  arose  from  the  abortion  of  two  of  the  six  original  primary 
septa.  The  ancestors  of  the  Bugosa  (yet  to  be  discovered  I)  were 
radially  symmetrical  Hexaoorals.  Variations  in  these,  whereby  two 
primary  septa  failed  to  grow  above  a  certain  size,  were  seized  upon 
by  natural  selection,  for  the  possession  of  some  unknown  advantc^, 
and  became  fixed.  The  two  defective  septa  were  those  primaries 
adjaoent  to  the  counter  septum.  Moreover,  in  the  loouli  between  these 
and  the  counter  septum  no  secondaries  appeared.  By  subsequent 
growth  the  secondary  septa  grew  as  large  as  the  two  defective 
primary  septa,  and  so  the  appearance  of  four  primary  septa  arose. 

Of  course  the  abortion  of  two  septa  may  have  been  caused  by 
the  bending  of  the  corallum,  in  which  case  the  two  hypotheses 
would  only  differ  in  that  in  the  former  a  radially  symmetrical 
Tetracoral  was  the  original  ancestor,  while  in  the  latter  a  radially 
symmetrical  Hexcu)oral.  And  the  settlement  of  this  point  might 
have  some  bearing  on  the  question  whether  the  Hexaoorals  are  the 
deaomdanta  of  the  Bugosa,  or  whether  both  had  a  common  ancestor, 
and,  if  the  latter,  whether  this  ancestor  was  a  Hexaooral  or  a 
Tetracoral. 

Whatever  view  of  the  origin  of  the  bilateral  symmetry  is  taken, 
the  fact  remains  that  the  position  of  the  main  septum  with  regard 
to  the  bending  of  the  coral  has  no  connection  with  the  origin  of 
that  bending.  It  is  only  suggested  in  explanation  that  the  com* 
parative  rarity  of  corals  having  the  main  septum  on  the  concave 
side  may  be  due  to  the  fact  that  in  these  the  lower  part  of  the 
mouth  opening  might  be  brought  too  near  the  sea-bottom  to  be  dear 
of  the  injurious  sediment  rapidly  accumulating  thereon.  And> 
further,  uncertainty  is  expressed  as  to  the  value  of  the  position 
of  the  main  septum  as  a  systematic  character ;  whether  to  regard 
it  as  of  specific  or  of  varietal  importance. 

A  new  explanation  of  the  origin  of  the  fossula  is  suggested. 
There  would  be  a  natural  tendency  for  the  soft  parts  to  sink  in  the 
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spaooB  between  the  main  septum  and  the  adjacent  septa,  where 
the  new  septa  are  inserted  when,  by  the  growth  of  the  coral,  the 
space  became  larger  than  the  other  interseptal  locali,  just  before 
the  insertion  of  a  new  septum. 

Such,  we  think,  are  the  chief  facts  brought  forward  and  the  chief 
questions  touched  upon  in  this  paper,  which,  while  containing  new 
and  interesting  observations,  and  raising  important  questions,  does 
not  do  much  towards  solving  these  questions,  and  is  lacking  in 
arrangement ;  so  much  so  that  it  is  exceedingly  hard  to  follow  any 
thread  of  argument  running  through  the  whole ;  and  beyond  giving 
a  clear  definition  of  the  main  septum,  and  showing  that  it  occurs 
indifferently  on  the  convex  and  concave  side  of  the  oorallum,  the 
paper  does  little  but  put  forward  suggestions  bearing  on  the  origin 
of  the  peculiarities  of  the  Rugosa.  W.  D.  L. 

HI.—Thk  Geology  of  the  Oolitic  and  Cbbtaoious  Eookb  south 
OF  SoARBOBouaH.  By  0.  Fox  -  Stbangways,  F.Q.S.  Ed.  n. 
Memoirs  of  the  Geological  Survey  England  and  Wales,  pp.  i-iv, 
1-119.  With  11  plates  and  numerous  woodcuts.  (London,  1904. 
Price  4s.  6d.) 

THIS  memoir  is  designed  to  illustrate  and  explain  sheets  54  and 
55  (New  Series)  of  the  Geological  Survey.  It  contains  a  great 
amount  of  most  useful  and  interesting  information,  not  only 
concerning  the  Secondary  Bocks,  from  the  Lower  Oolites  to  the 
Upper  Cretaceous,  of  the  district  covered  by  these  sheets,  but 
also  deals  with  various  superficial  deposits.  Further,  there  are 
certain  remarks  concerning  the  physical  and  geographical  features, 
but  these  are  somewhat  disappointing  reading :  the  author  gives  the 
impression  that  he  lacks  a  firm  grip  of  the  principles  of  these 
subjects,  which  have  been  so  ably  handled  in  various  modem 
text-books. 

The  chief  value  of  the  memoir  lies  in  its  geological  and 
palsBontological  information.  Looking  at  it  from  the  foreigner's 
point  of  view,  we  may  regret  that  the  author  does  not  indicate  his 
zones  more  fully  throughout  his  various  sections,  so  that  the  stranger 
may  see  at  a  glance  with  what  rocks  at  home  he  may  compare 
these  Yorkshire  strata.  But  a  great  help  to  such  a  stranger 
are  the  excellent  plates  reproduced  from  photographs,  showing 
characteristic  sections.  Only  here  one  must  be  allowed  a  regret 
— that  the  tracing-paper  plans  covering  the  plates  were  not  more 
carefully  lettered.  A  fine  feature  is  spoiled  by  a  small  detail ;  for 
these  plans  are  not  always  legible.  They  lack  care  in  their 
preparation. 

In  the  matter  of  illustration  the  palssontological  portion  of  this 
memoir  has  not  been  liberally  treated.  The  indifferent  woodcuts  are 
not  creditable  to  the  author's  work,  for  in  many  oases  they  fail  to 
give  recognizable  pictures ;  and,  what  is  more  serious,  they  are  not 
illustrations  made  from  local  fossils.  They  are  just  stock  woodcuts, 
and  it  is  plain  that  they  have  had  a  past.  They  should  not  be 
allowed  a  future. 
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The  paladontologioal  nomenclature  olaims  to  be  brought  up  to 
date.  In  the  phytologioal  portion  this  it  must  be  admitted  has  been 
done — Seward's  Catalogue  has  very  properly  been  followed;  but 
in  the  zoological  part  it  can  hardly  be  granted.  We  might  suggest 
that,  as  authors  of  such  memoirs  cannot  possibly  be  specialists  in 
all  branches  of  nomenclature,  they  would  be  well  advised  to  follow 
the  latest  text-book.  They  might  reasonably  plead  <' Theirs  not 
to  reason  why,"  and  simply  trust  the  specialists  who  had  contributed 
to  the  text-book :  on  these  specialists  would  fall  praise  or  blame  as 
the  case  might  be.  Such  a  text-l>ook  we  have  now  in  the  Eastman 
translation  of  Zittel ;  but,  tested  by  that,  the  nomenclature  in  this 
memoir  is  certainly  not  up  to  date.  For  instance,  generic  names 
which  have  been  discarded  from  the  text-book  on  account  of  prior 
use,  meet  us  throughout  the  pages  of  this  memoir,  while  names 
which  have  been  in  use  for  many  years,  and  are  to  be  found  even  in 
the  old  Zittel  of  twenty  years  ago,  are  lacking.  Only  the  Ammonite 
names  seem  to  be  up  to  the  modern  standard,  tested  by  Eastman, 
but  there  is  one  failure  here,  viz.,  the  figure  given  as  Amm(m%ie9 
humphriesianus,  on  p.  13,  is  not  that  species,  for  it  was  separated  by 
Oppel  some  fifty  years  ago,  and  taken  by  him  as  the  type  of  his 
A,  bayleanu8.  We  are  credibly  informed,  and  Oppel  himself  says 
the  same,  that  the  species  does  not  occupy  the  same  zone  as 
A,  humphrienanm.  It  is,  therefore,  very  doubtful  if  this  figure 
represents  a  fossil  which  oocurs  in  Yorkshire  at  all.  It  clearly 
proves  the  necessity  of  illustrating  each  memoir  with  special  figures 
taken  from  actual  local  fossils. 

When  the  reader  has  been  safeguarded  in  reference  to  such  matters 
as  these  to  which  we  call  attention,  then  he  will  find  the  memoir 
an  extremely  interesting  and  useful  guide  to  a  very  important 
district.  A.  B.  L. 

IV. — Palaozoio  Abaohnida.  By  Professor  Dr.  Anton  Fbitsoh. 
4to,  with  pp.  88,  15  plates,  and  99  figures  in  the  text.  (Frag, 
Selbstuverlag,  Fr.  Eivnac,  &  Buchdruckerei  Dr.  Ed.  Gr%r  a  Syn, 
1904     See  dso  Sitznngsber.  k.  Akad.  Wiss.  Wien.,  cxii.) 

THIS  work  forms  one  of  a  series  of  Memoirs  to  the  preparation  of 
which  Dr.  Fritsch  has  devoted  so  many  years  of  his  long  and 
laborious  life  in  illustration  of  the  fauna  of  the  Coal-formation  of 
Bohemia. 

In  the  present  monograph,  which  is  published  under  the  auspices 
of  the  Imperial  Academy  of  Vienna,  the  author  has  extended  the 
field  of  his  researches,  and  examines  and  describes  and  figures  the 
fossil  Arachnida  in  the  Museums  of  London,  Paris,  Dresden,  Breslau, 
and  Vienna,  visited  by  him  in  1903,  in  order  to  embrace  the  whole 
of  the  known  forms  of  palsBOzoic  Arachnida  from  all  countries. 

The  15  quarto  plates  and  the  greater  number  of  the  99  illus- 
trations in  the  text  are  drawn  by  the  author's  own  hand. 

Thirty-nine^  genera  and  67  species  of  Arachnida  are  here  recorded 

*  One  genus  and  species,  Adeloearis  peruvianus,  should  be  cancelled :  see  p.  473, 
:So,  28.— H.  W. 
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•nd  more  or  less  fnlly  desoribed  by  the  author.  Of  these,  37 
CSsrboniferous  and  Permo-Carboniferoas  species  are  from  Bohemia* 
6  Carboniferous  are  from  Silesia,  1  in  the  Dresden  Moseom,  1  fowi 
the  Goal-measnres  of  Bavaria,  2  from  France,  1  from  Beigimn, 
1  from  Scotland,  5  from  England,  1  from  South  Wales,  1  from 
Arkansas,  and  7  from  Illinois,  (T.  S.,  North  America  (and  1  -r&rj 
doubtful  from  Peru) ;  these  are  Coal-measure  forms ;  whilst  of  air- 
breathing  Silurian  scorpions  Gotland  has  yielded  1,  Scotland  2,  and 
North  America  1. 

The  following  list  may  serve  to  give  an  idea  of  the  fossil  genera 
and  species  known  at  the  present  time : — 

Order  ASANEA. 

Suborder  ABTHABACHN^,  Haase. 
Family  AKTHROLYCOSID-E  (Harger).  Fr. 
1. — Genus  Arthkolycosa,  Hajger. 

antiquaf  Hai^:         Goal-m.,  Illinois. 
earbonaria,  Kusta,  sp. :      „        Bakonltz,  Bohemia, 
/orrtt,  Fritsch :  „  „  „ 

Xor<»«i ,  Knsta,  sp. : 

paiaranea^  Fritscn:  „        Badnits,         ,, 

-„  jMpAm,  Fritsch :  „        Bakimitz,      ,, 

^  S    »      ^' — I*ItOTOLTC08A,  Flltsch. 

O  S  anthraeophyUij  Edm. :  Goal-m.,  Sileaia. 

8. — Geealtcosa,  Eusta. 

Fritsehii,  Eosta :  Coal-m.,  Bakonitz,  Bohemia. 
4. — Bakoynicia,  Eusta. 

antiquOf  Eusta :  Coal-m.,  Bakoniti,  Bohemia. 
5. — EoTASBis,  Eusta. 

UioraUi,  Eusta :  Coal-m.,  Bakoniti,  Bohemia. 

Suborder  PLEURARANEiE,  Fr. 
Family  HEMIPHBYNIDuE,  Fr. 
6. — HEXiPHBTiars,  Fritsch. 

loftffipeSf  Fr. :    Gas-ooal,  Nyran,  Bohemia. 
Sofmanni.Vi.:        „  „  „ 

Family  PROMYGALID^,  Fr. 
7. — Peomyoalb,  Fritsch. 

bohemica^  Fr. :  Gas-ooal,  Nyran,  Bohemia. 
rotundatay  Fr. :         „  „  „ 

eleyans.Yvr.  „  „  „ 

8. — Pebne&ia,  Fritsch. 

gaUicoidef,  Fr. :        „  ,,  ,, 

9. — EoPHOLCUs,  Fritsch. 

pedatMy  Fr. :  Coal-m.,  Nyran,  Bohemia. 
10. — Pleubolycosa,  Fritsch. 

proUfnay  Fr. :  Gas-coal,  Bohemia. 
11. — Bbachylcosa,  Fritsch. 

earcinoidas,  Fr. :  Gas-coal,  Bohemia. 
12. — Pybitaranea,  Fritsch. 

tubifera,  Fr. :  Gas-coal,  Nyran,  Bohemia. 

Order  OFUIOHES,  Bund. 

Suborder  OPILIONID^,  Veri. 

13. — ^Nemastomoidbs,  Thevenin. 

elaverif,  Thev. :  Coal-m.,  Commentry,  France. 
14. — DiNOPiLio,  Fritsch. 

ffiffaSf  Fr. :  Coal-m.,  Bakonitz,  Bohemia. 
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Suborder  MEBIDOOASTBA,  ThoreL 

Family  POLIOCHEEIDiE,  Scudder. 

15. — PoLiocuEEA,  Scudder. 

punctulata,  Scudder:  Goal-m.,  Illinois^  U.S.A. 

Family  ARCHITAEBIDJE,  Kanch. 
16. — Obbaph&tnvs,  Scudder. 

carbonariut,  Scudder:  Coal-m.,  lUinois,  U.S.A. 

eloHffatm,  Scudder,  sp. :  Ck)al-m.,  IllinoiB,  U.S.A. 
17.— AucHiTAEBUB,  Scuddor. 

rotundatui,  Scudder:  Coal-m..  Illinois,  U.S.A. 

tubovaliif  H.  Woodward:  Coal-m.,  Ltmcashire. 

Family,  ANTHBACOMARTID^. 

IS.^Amthracomartvs,  Earsch. 

Krejeii,  Kusta :  Coal-m.,  Bakonitz,  Bohemia. 

mxnwt  KuBta,  „  „  „ 

affinU,  Kuata,  „  „  „ 

•oeiutf  EuBta,  „  „  „ 

wlkelianm,  Karscli:  Coal-m.,  Silesia. 

ffranulatu9f  Fr. :  Coal-m.  (in  Dresden  Museum). 

trilobitut,  Scudder :  Coal-m.,  Arkansas. 

palatinut,  t.  Ammon:  Coal-m.,  Palatinate,  Bararia. 
19.— Beachtptos,  H.  Woodward. 

ceUica,  Pecock :  Coal-m.,  Cardiff,  South  Wales. 

earboniif  H.  Woodw. :  Coal-m.,  Mens.,  Belgium. 
20. — ^Ahthbacosibo,  Pocock. 

Woodwardi,  Pocock :  Coal-m.,  Coeeley,  Dudley. 

/WteMi,  Pocock :  „  „  „ 

21. — ^EoTBOOULUB,  Thevenin. 

Fayolif  They. :  Coal-m.,  Commentry,  France. 
22. — ^Vbatiblayia,  Fritsch. 

9%i49%aca^  F.  Boemer :  Coal-m.,  Silesia. 

Family  EOPHRYNIDiE,  Earsch. 

23. — EoPHBTNua,  H.  Woodward. 

preituncii.    Buckland,  sp. :    Coal-m.,    Coalbiook   Dale, 
Shropshire. 

(8Unotrogulu8)  Saimii,  Stur. :  Coal-m.,  Silesia. 
24.— Ctcloteoovlus,  Fritsch. 

Sturiiy  Haase,  sp. :  Coal-m.,  Mahrisoh  Ostrau,  Silesia. 
25. — EasiscHEniA,  Geinitz. 

WiedH,  Gein. :  Coal-m.,  Zwickan,  Bohemia. 
26.^HxMDLBXi8CHB&ijL,  Fritsch. 

Thevtninif  Fr. :  Coal-m.,  Westphalia. 
27. — Pbtbovicia,  Fritsch. 

proditoria,  Fr. :  Coal-m.,  Petroyic,  Bakonitz,  Bohemia. 
28. — Adslocabib  pertmanus^  Packard  [said  not  to  be  an  Arachnide,  but 

a  Macruran-Crustacean] :  loc.  incog.  (Jurassic  F),  Peru. 

Order  PEDIPALPI,  Latr. 

Tribe  Uboptoi,  Thor. 

Family  THEIiTPHONID-Sl,  Auctorum. 

29.— Prothxltphonvs,  Fr. 

bohemictUy  Eusta,  sp. :  Ck)al-m.,  Bakonitz,  Bohemia. 
[Oebaldivra  (syn.  of  Prothelyphmm  F)] 

Seudderi,  Eusta:  Coal-m.,  Bakonitz,  Bohemia. 

noc^tM,  Eusta :  „  ,,  „ 

^-oMa,  Eusta:  „  „  „ 

(^rothelyphonm)  Cwdaij  Fr. :  Coal-m.,  Badnitz,  „ 
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Order  SCOBPIOHES. 

Suborder  Apoxtpodbs,  Th.  &  L. 

Family  PAL^OPHONIDJB,  Th.  &  L. 

fe*     /  30.— Paljbophonus,  Th.  &  L. 


(^ 
P 
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o 

o 
p 

O 

s 
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nmeiuty  Th.  &  L. :  Upper  Silurian,  Gotland. 
ffunterif  Pocock :  Upper  Silurian,  Leamahagow. 
loudonmMy  Laurie :  ^Upper  Silurian,  Pentland  Hflls. 
(Proscoepius)  Otbomiy  Whitfield :  Upp.  Silur.,  N.  Ameriea. 

Family  ANTHRAC08C0RPII,  Th.  &  L. 

^     /'31.— CYCLOPTHALMrs,  Corda. 
-  senior y  Corda:  Coal-m.,  Bohemia. 

32. — MiCBOLABis,  Corda. 

Stembergiif  Corda:  Coal-m.,  Bohemia. 

33. — ISOBUTHUS. 

kralupMsii,  Th.  &  L.,  sp. :  Coal-m.,  Eralup,  Bohemia. 
34.— EoBUTHTJS,  Fr. 

Sakomieenntf  Fr. :  Coal-m.,  Eakonitz,  Bohemia. 
35. — ^Anthrascobpio,  Kusta. 

jtwenisy  Kusta:  Coal-m.,  Bakonitz,  Bohemia. 
36.— EoscoRPius,  Meek  &  Worthen.  rU.S.A. 

earbonariui,  M.  &  W. :  Coal-m.,  Mazon  Creek,  lUinou, 

anglieusy  H.  Woodw. :  Coal-m.,  near  Dudley. 
37.— Mazonia,  Meek  &  Worthen.  fU.S.A. 

JFoodimay  M.  &  W. :  Coal-m.,  Mazon  Creek,  Ulmois, 
38. — Glyptoscorpiub,.  Peach. 
^    (  eaUdonietu,  Peach,  sp. :  Carh.  R.,  Eekdale,  Scotland. 

§  59  (  39-— Feistmantklia,  Fritsch. 

g  2  I  omata,  Fr. :  Permo-Carhoniferous,  Lehach,  Bohemia. 

M  Q  (         (IsoBUTHUs  ?)  Nyranentity  Fr. :  Permo-Carhoniferous,  Nyran,  Bohemia. 

There  is  not  the  least  reason  to  assume  that  the  Arachnida  were 
better  represented  in  the  Carboniferoas  and  the  Permo-Carboniferons 
of  Bohemia  than  in  any  other  Goal-areas  of  Europe  and  America; 
it  merely  shows  that  more  careful  attention  has  been  directed 
towards  the  collecting  of  the  fossil  fauna  of  these  beds  there  than 
elsewhere,  and  that  Dr.  Fritsch  has  been  more  energetic  in  desoribinfl; 
them  than  the  palceontologists  of  some  other  Coal-regions.  Mn<£ 
splendid  work  has,  however,  been  done  with  the  Insect  fauna  of 
North  America  by  S.  H.  Scudder  and  by  the  late  lamented  Charles 
Brongniart  in  that  of  Commentry,  France,  as  well  as  by  the  workers 
in  other  countries,  and  we  may  look  forward  with  confidence  to  great 
accessions  to  our  knowledge  in  this  field  of  research  as  soon  as  the 
splendid  material  obtainable  becomes  better  known. 

Of  the  Bohemian  specimens  of  special  interest  may  be  recorded 
the  remains  of  ArthrolycoBa  earbonaria,  Kusta,  from  Rakonitz,  a  genus 
also  met  with  and  described  by  Harger  from  the  Coal-measures  of 
Illinois,  U.S.A.,  of  which  good  material  for  four  other  species  have 
likewise  been  obtained  in  Bohemia.  It  is  extremely  interesting  to 
record  the  discovery  of  a  specimen  of  this  genus,  A.  palaranea,  Fr., 
still  attached  to  a  leaf  of  CordaiteB  as  in  life. 

ProtolyeoBo  anthracophyla,  described  by  F.  Roemer  in  1866  from 
the  Coal-measures  of  Silesia,  is  also  reproduced  with  care. 
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Another  spider,  Geralyeosa,  from  Bakonitz,  admits  of  being  ably 
restored  by  the  aathor,  in  whose  honour  it  is  named  by  Professor 
Eusta. 

The  genus  Semiphrynm  is  also  well  preserved  in  a  fossil  state, 
showing  many  details  of  its  anatomy. 

Promygale  with  3  speoies  has  muoh  of  its  struotnre  preserved 
both  on  the  upper  and  under  side,  especially  in  P.  elegans  from 
Nyran,  which  is  honoured  with  a  plate,  2  text-figures,  and  a  vignette 
on  the  cover ;  bophloeus,  a  long-legged  spider  from  Nyran,  shows 
the  reproductive  organs  and  limbs  and  the  general  form  well 
preserved. 

AnthracomartuB  is  another  well  preserved  type  represented  by 
8  speoies ;  4  from  Bohemia,  3  from  Oermany,  and  1  from  Arkansas, 
n.S.A.  This  round-bodied  and  very  distinctly  segmented  type  is 
closely  allied  to  Braehypyge  and  Eophrynas ;  in  most  of  these  forms 
the  dorsal  surface  of  the  body-segments  is  ornamented  by  a  pattern 
of  minute  raised  granules.  Anthraco$iro  appears  not  to  have 
possessed  this  ornamentation  on  the  dorsal  surface. 

Among  the  Pseudoscorpions  FrothelyphonuB  bohemicuB,  Kusta,  is 
a  remarbskbly  well  preserved  speoies,  giving  nearly  every  detail  of 
its  structure  and  its  attenuated  series  of  abdominal  segments. 

Good  figures  are  also  given  of  the  Carboniferous  and  Silurian 
scorpions  of  Bohemia,  England,  Scotland,  Sweden,  and  America,  of 
which  much  has  already  been  written  in  this  country  by  Woodward, 
Peach,  Pooock,  and  others. 

But  space  does  not  admit  of  our  dwelling  more  fully  on  this 
interesting  group  of  terrestrial  air-breathing  iraehaaied  palsBOZoio 
Arthropods,  the  direct  descendants  of  the  still  more  remote  aquatio 
branchiated  Mbbostomata,  Pterygottu,  SUmonia,  Siylonurus,  and  their 
allies. 

We  congratulate  Dr.  Fritsch  upon  this  interesting  monograph,  and 
wish  him  health  and  strength  to  pursue  his  studies  on  the  fossil 
fauna  of  his  beloved  country  of  Bohemia  which  he  has  done  so  much 
to  illustrate. 


i^Ej:E>oi^Ts    j^isTJD   :pjBOOssx>i3fTa-s- 


Gbolooioal  Sooiett  or  London. 

June  22nd,   1904.— J.  E.  Marr,  ScD.,  F.RS.,  President,  in   the 
Ohair.    The  following  communications  were  read : — 

1.  "  The  Igneous  Rocks  of  Pontesford  Hill  (Shropshire)."  By 
Professor  William  S.  Boultou,  B.Sc.,  Assoc.  B.aS.,  F.G.S. 

This  paper  is  confined  to  a  description  of  the  characters  and 
sequence  of  the  rocks  within  the  limits  of  Pontesford  Hill,  and  no 
attempt  is  made  to  correlate  them  with  those  of  the  Uriconian 
areas.  The  hill  is  a  '  plagioclinal  ridge,'  bounded  on  all  sides  by 
faults ;  it  is  made  up  entirely  of  igneous  rocks,  but  some  of  the  fine 
tu£b  and  volcanic  grits  show  unmistakable  signs  of  deposition  in 
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water.    There  are  two  diatinot  groups  of  ig^eona  rocks :  a  bedded 
groap,  oonsisting  of  rhyolites  and  acid  toffs,  with  andeeiteB  and 
andesitic  tuffs ;  and  an  intmsive  group  of  olivine-dolerites.     Tbe 
general  strike  of  the  bedded  rooks  is  north-north-easterly  and  south- 
south-westerly,  parallel  to  that  of  the  neighbouring  Longmyndiaa 
rooks ;  the  ayerage  dip  is  about  80^  east-south-eastward,  but  at  the 
extreme  south-east  of  the  hill  the  rhyolite  and  associated  breooiaa 
dip  in  the  opposite  direction  (west-north-westward)  at  about  the 
same  angle.    The  northern  end  of  the  hill  consists  of  rhyolite  (the 
'northern  rhyolite'),  about  1,000  feet  thick,  a  pale  pink  and  purple 
liiyolite  with  much  epidote,  chlorite,  and  secondary  quartz,  showing 
vesicular,  spherulitio,  pyromeridal,  and  banded  structures.     Macro- 
scopic and  microsoopic  descriptions  of  the  rocks  are  given,  and  the 
origin  of  the  spherulitio  and  nodular  structures  is  fully  discussed. 
In  many  cases,  though  certainly  not  in  all,  the  nodules  appear  to 
have  begun  as  a  vesicle,  often  irregular  in  shape,  and  sometimea 
with  oresoentiform  spaces  round  the  main  cavity,  and  separated  from 
it  by  similarly-shaped  portions  of  the  glass.     The  spherulitio  fibres 
appear  to  develop,  not  from  a  central  point  outward,  but  locally 
from  vesicles  or  other  cavities,  crystals,  etc.,  coalescing  finally  to  form 
larger  and  longer  growths.    The  spherulitio  type  of  devitrification 
is  not  all  of  the  same  age,  for  fibrous  grrowths  traverse  small  and 
earlier -formed   spherulites,   which    have  been  dissolved   out  and 
replaced  by  quartz.     The  andesitic  group  is  made  up  of  felsitio* 
looking,  gritty  pink   and  green  tuffs,  passins;  up  into  and  inter- 
bedded    with    andesitic    glassy    (palagonitio)    and    crystal    tuffs, 
halleflintas,  and  lavas ;  the  thickness  is  about  1,600  feet.    A  thick- 
ness of  about  150  feet  of  rhyolite-breccias  (glassy  and  crystal  tofifo) 
and  grits  succeeds  ;   and   this  is  followed  by  the  south-eastern 
rhyolite,   about  250  feet  thick,  a  dark  red  or    purple,  coarsely 
vesicular,  well -banded  rook,   often  with   light -green  and   white 
amygdules.     The  andesites  oonsist  of  oligoolase  and  malaoolits^ 
embedded  in  a  hyalopilitic  groundmass  containing  palagonite,  in 
which  ilmenite,  leucoxene,  and  magnetite  are  embedded.     A  table 
of  the  silica-percentages  and  specific  gravities  of  the  bedded  rocks 
shows  that  a  gap  occurs  between  the  *  northern  rhyolite  *  and  the 
more  acid   of  the   andesite- tuffs   that  immediately   follow;    this, 
together  with  a  discordance  in   strike,   may  indicate  a  break  in 
volcanic  history,   a  disturbed   junction,   or  that    this   rhyolite  is 
intrusive.      From   this  point  onward,   the  tuffis  and   lavas  form 
a  continuous  series,  despite  the  difference  in   the  average  silica- 
percentage  of  the  andesite  group  and  the  rhyolite-breccias.   The  tuffs 
thin  out  to  the  north-eastward,  their  lapilli  diminish  in  size,  and 
they  become  more  gritty  and  washed  in  aspect  in  the  same  direction; 
facts  which  all  point  to  the  inference  that  the  volcanic  vent  may 
have  been  to  the  west  of  the  hUl.    The  intrusive  rooks  are  baaio, 
and  often  amygdaloidal ;  they  are  granular  or  ophitic,  and  compare 
in  composition  with  such  olivine-dolerites  as  those  of  Bowley,  the 
€lee  Hills,  and  Little  Wenlook,  while  they  differ  considerably  from 
the  intrusive  dolerites  of  North  Wales. 


Digitized  by  VjOOQ  IC 


Beporta  and  Proeeedings^Geohgical  Society  of  London,    4!t7 

2.  ''The  Tertiary  Fossils  of  Somaliland,  as  represented  in  the 
British  Mosenm  (Natural  History)."  By  Biohard  Bullen  Newton, 
Esq.,  P.G.S. 

Since  the  pablioation,  in  1900,  of  Prof.  Gregory's  paper,  founded 
on  specimens  in  the  Natural  History  Museum,  mostly  collected  and 
presented  by  Mrs.  Lort  Phillips,  the  National  Collection  has  been 
enriched  by  further  series  of  fossils :  the  Donaldson-Smith  OoUeotion 
and  one  presented  by  Major  R.  G.  Edwards  Leckie.  The  new  material 
is,  generally  speaking,  better  preserved  than  that  previously  dealt 
with.  The  large  Lucinidso  and  specimens  of  Campanile  (previously 
considered  as  Nerinaa)  are  veiy  typical  of  Eocene  rocks  generally, 
and  they  agree  with  the  foraminifera  iu  the  Somaliland  Limestones 
in  supporting  the  reference  of  these  rooks  to  this  period.  The 
matrices  of  these  limestones  correspond  with  those  surrounding  the 
corals  described  by  Professor  Gregory  as  belonging  to  the  Uradu  and 
Debar  Limestones.  Two  limestones  seem  to  be  represented  in  the 
oollections — ^an  upper,  massive  and  cherty,  often  coloured  reddish* 
broMm  externally ;  and  a  lower,  of  less  cherty  character  and  lighter 
colour.  The  limestones  appear  to  be  capable  of  correlation  with 
those  of  the  south-eastern  corner  of  Arabia,  as  well  as  with  those  of 
Sind  and  Outch ;  they  can  also  be  traced  in  connection  with  the 
Eocene  areas  of  Egypt  and  other  regions  of  North  Africa,  through 
Europe  to  the  Paris  Basin,  and  so  to  the  Bracklesham  Beds  of 
England.  The  new  collections  contain  some  older  fossils,  but  they 
are  not  considered  in  the  present  paper. 

A  review  of  the  literature  of  the  subject  is  given,  and  the  author 
then  proceeds  to  the  description  of  species  of  gasteropods,  lamelli- 
branchs,  echinoids,  and  corals.  Six  new  species  are  described  and 
named,  and  sixteen  species  or  varieties  described  but  not  named. 
An  account  of  the  foraininiferal  structures  of  the  limestones  follows, 
and  the  paper  closes  with  a  list  of  the  known  Tertiary  fossils  from 
Somaliland. 

3.  ''The  Caernarvon  Earthquake  of  June  19th,  1903,  and  its 
Accessory  Shocks."    By  Charles  Davison,  ScD.,  F.G.S. 

The  Caernarvon  earthquake  of  June  19th,  1903,  was  the  strongest 
earthquake  indigenous  to  the  county  for  more  than  five  centuries. 
Its  disturbed  area  contained  about  25,000  square  miles,  and  included 
nearly  the  whole  of  Wales,  the  North- West  of  England,  the  Isle  of 
Man,  and  several  of  the  eastern  counties  of  Ireland.  The  centre  of 
the  innermost  isoseismal  (intensity  7)  was  situated  beneath  the  sea, 
about  4  miles  west  of  Pen-y-groes,  and  the  longer  axis  of  the 
isoseismal  ran  from  N.  40°  E.  to  S.  40°  W.  It  is  concluded, 
from  the  seismic  evidence,  that  the  earthquake  was  caused  by  a  slip 
of  about  16  miles  in  length  along  a  fault  running  in  the  above 
direction,  hading  north-westward,  and  passing  either  through 
Clynnog  or  a  mile  or  two  either  to  the  north-west  or  south-east 
In  the  former  case  the  fault-line  might  be  submarine;  and  it  is 
pointed  out  that,  if  the  fault  which  runs  in  a  south-westerly  direction 
from  Aber  to  Dinlle  (on  the  coast  of  Caernarvon  Bay)  were  continued 
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undemeath  the  sea  to  the  neighboarhood  of  Nevin,  it  would  occapy 
the  position  assigned  to  the  parent  fault  by  the  diaoussion  of  Uie 
earthquake  phenomena. 

The  principal  shock  was  preceded  by  an  earth*sound,  and  followed 
by  at  least  five  shocks,  originating  apparently  at  the  north-western 
extremity  of  the  principal  focus.  In  addition,  six  slight  shocks  and 
two  earth -sounds  were  recorded  by  single  observers ;  and,  if  these 
be  included  in  the  earthquake  series,  it  follows  that  seismic  action 
was  gradually  withdrawn  from  the  extremities  of  the  focus  and 
ultimately  confined  to  its  central  region. 


coie»ie:E3Si=>025riDS25ro:E3. 


THE  KEUPER  BASEMENT  BEDS. 
Sib, — My  recent  paper  in  the  Gbol.  Mack  (April,  1904)  on  the 
Eeuper  of  Devon  recalls  the  difficulty  of  tracing  horizons  in  those 
beds,  which  I  have  found  in  common  with  other  workers  in  the 
field  in  former  years.  An  illustration  of  this  came  before  me  when 
the  British  Association  met  at  Bath  in  1888.  An  excursion  into 
the  country  some  miles  from  Bath  had  been  planned,  and  was 
carried  out  under  the  conduct  of  a  well-known  local  'geologist.' 
The  sections  that  came  under  our  observation  included  those  of 
a  rather  deep  cutting  on  a  railway,  which,  as  I  understood,  had  not 
been  long  constructed.  These  sections  were  very  fresh  and  of  quite 
a  mural  character,  the  bare  rock  being  exposed  almost  everywhere. 
Yet  a  strange  error  of  observation  was  made  by  almost  all  the 
company  present;  all,  I  believe,  except  Professor  Boyd  Dawkins 
and  myself.  The  attention  of  some  forty  or  fifty  people — not  all 
amateurs,  by  any  means — was  called  by  the  director  to  some  irregu- 
larities of  bedding  in  the  massive  Eeuper  sandstones,  as  indicating 
the  line  of  unconformity  between  them  and  the  Old  Bed  Sandstone, 
by  that  overlap,  which  we  know  to  be  of  frequent  occurrence.  It 
was  nothing  of  the  sort;  for  after  most  of  the  company  had  been 
hurried  on,  on  account  of  the  trains.  Professor  Boyd  Dawkins  and 
I  made  a  careful  observation  of  the  true  line  of  unconformity  near 
the  level  of  the  railway-line.  There  the  Eeuper  sandstones  were 
seen  lying  horizontally  upon  the  planed-off,  upturned  edges  of  Old 
Bed  sandstones  and  shales,  furnishing  as  typical  a  case  of  normal 
unconformity  as  one  could  wish  to  see.  A.  Ibvikq. 


MussuM  OF  Pbaotioal  Gkology. — We  are  glad  to  hear  that  the 
Museum  of  Practical  Geology  will  not  be  closed  in  future  during 
cleaning.  So  many  people  from  the  country  are  up  in  town  this 
time  of  year  that  we  are  surprised  that  such  a  sensible  concession 
has  been  so  long  delayed.  The  Museum  in  future  will  be  open 
all  the  year  round. 
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I.  —  Thb    Genus    Dbsorella. 

By  Hbnry  Woods,  M.A.,  F.G.S. 

(PLATE  XVI.) 

THE  genus  Deaorella^  was  founded  by  Cotteau  in  1855  to 
include  four  species  from  the  Oorallian  named  D.  ieaunemis, 
D.  Orhiynyana,  D,  elata,  and  D,  Drogiaca,  and  one  from  the 
Neocomian — D.  inciaa.  The  first  and  the  last  of  these  five  species 
were  subsequently  shown  to  belong  to  the  genus  Pyrina,  the  second 
was  placed  by  Etallon '  in  a  new  genus,  Paeudodesorellay  whilst  the 
fourth  has  been  referred  to  Hyhoclypena.  So  that  of  the  five  species 
originally  regarded  as  belonging  to  Besorella,  one  only,  D.  eUaia,  is 
left  in  that  genus.  Another  species,  described  in  1862  as  Desorella 
Ouerangeri,^  was  afterwards  shown  to  be  a  Pyrina.  Ootteau* 
accepted  these  modifications,  and,  in  1873,  gave  an  emended 
diagnosis  of  the  genus,  naming  as  the  type  Desoreila  data,  and 
describing  another  species,  D.  Qraai,  M.  Jules  Lambert  is  of  the 
opinion  that  Pachyclypeus  semiglobus  (Gk>ldfuss^)  should  be  placed 
in  the  genus  Desorella, 

All  the  specimens  of  Desordla  elata  and  D.  Orasi  which  have  yet 
been  described  are  in  the  form  of  internal  moulds,  consequently  the 
characters  of  the  genus  have  been  hitherto  only  imperfecUy  known, 
so  that  there  was  some  justification  for  Duncan's  remark,  ''This  is 
now  a  very  unsatisfactory  genus."*  The  description  of  DesoreUa 
given  below  is  based  on  a  specimen  with  the  test  preserved  which 
was  found  in  the  Oorallian  of  Upware.  An  examination  of  this 
specimen  supports  the  view  that  Desordla  is  closely  allied  to 
Pyrina,  from  which  it  is  readily  distinguished  by  its  depressed  and 
snborbicular  form.    Duncan*  placed  Desordla  in  the  Nucleolitidao, 

^  Originally  i>«»oria. 

s  E'tuides  pialeont.  Terr.  Jorass.  du  Haut-Jura,  pi.  ii  (1859),  p.  16. 

*  Cotteau:  Bev.  et  Mag.  de  Zool.,  ser.  ii,  vol.  xiv  (1862),  p.  193. 

*  Pal^nt.  Pran^.  Terr.  Jur.,  vol  ii,  pp.  333,  384. 

*  Desor:  Synopsis  E'chin.  Foes.  (1857),  p.  195,  pi.  zxxvii,  figs.  3,  4.  Cotteau : 
Pal^ont.  Fran^.  Terr.  Jur.,  yoI.  ix  (1873),  p.  390,  pi.  d.  Deeor  &  De  Loriol: 
E'chinol.  Helv6t.  Jurass.  (1871),  pp.  300,  406,  nl.  xlvi,  fig.  6. 

*  **  Reyision  of  the  EcninoidiBa^' :  Joum.  Linn.  Soc.  Zool.,  vol.  xxiii  (1889), 
p.  179. 
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but  as  of  unoertain  position.  The  simple  ambulacra  and  elongate 
apical  disc  clearly  separate  it  from  that  family. .  There  can,  I  think* 
be  no  doubt  that  it  should  be  referred  to  the  Echinoneid»,  as  was 
done  by  Desor,  De  Loriol,  and  Cotteau.  Desorella  is  also  related 
to  Hyboclypeu8,  but  is  distinguished  from  it  by  the  absence  of 
a  dorsal  sulcus. 

Desobblla  blata  (Desor).     (Plate  XVI.) 
Synonymy. 

1847.  Hyhoelypua  elatut^  Desor :  in  Agassiz  &  Desor,  **  Catal.  raisonn^  des 
E'chmides,"  Ann.  Sci.  nat.,  ser.  ni»  vol.  vii,  p.  152. 

1855.  Detoria  elata,  Cotteau:  -E'chin.  Fobs,  de  PTonue,  vol.  i,  p.  223,  pi.  xxxiv, 
figs.  1-3  {Desorella  on  p.  344). 

1865.     Desorella  elata,  Cotteau:  Bull.  Soe.  g6ol.  France,  ser.  ii,  vol.  xii,  p.  713. 

1857.    Desorella  elata,  Desor:  Synopsis  E'chin.  Foss.,  p.  194. 

1873.  Desorella  elata,  Cotteau :  Pal.  Fran9.  Terr.  Jur.,  vol.  ix,  p.  386,  pis.  xcviii, 
zcix,  figs.  1,  2. 

Dbscbiption. — Test  large,  snboircular,  subrostrate  and  slightly 
truncate  posteriorly,  flattened,  aboral  surface  regularly  convex, 
margins  rounded.  Apex  slightly  posterior  to  the  centre.  Base 
concave,  distinctly  undulating;  peristome  sub-pentagonal,  oblique, 
placed  a  little  in  front  of  the  centre.  Periproct  large,  ovate,  at  the 
posterior  end  and  extending  to  the  margin  of  the  aboral  surface*; 
dorsal  sulcus  absent,  the  test  depressed  around  the  lower  part  of 
the  periproct. 


Fig.  1. — Apical  disc  of  specimen  shown  in  Plate  XVI.      x  3. 

Apical  disc  elongate,  slightly  depressed,  all  the  plates  bearing 
small  granules.  Anterior  ocular  indistinctly  shown.  Madreporic 
plate  large,  in  contact  with  the  left  anterior  genital,  which  is  divided 
into  two  parts.  Right  antero-lateral  ocular  smaller  than  the  left, 
and  separated  from  it  by  a  large,  nearly  hexagonal,  complementary 
plate  which  touches,  in  front,  the  madreporic  plate  and  the  left 
anterior  genital  plate.     Postero-lateral    genitals    large,   separated 
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Desorella  data  (Desor). 

Corallian  :   Upware,  near  Cambridge.      Nat.  size. 
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from  the  anterior  genital  plates  by  tbe  antero*lateral8  and  the 
anterior  complementary  plate.  Another  large  complementary  plate, 
which  is  elongate  and  hexagonal,  separates  the  postero-lateral  genitals. 
The  posterior  oculars  are  small,  the  left  being  larger  than  the  right ; 
between  them  comes  the  posterior  genital,  of  which  the  posterior 
boundaries  are  indistinctly  seen. 

Ambulacra  not  petaloid.  The  pores  of  each  pair  are  slightly 
oblique,  the  outer  being  aboral  to  the  inner.  The  inner  pore  is 
rather  larger  than  the  outer.  On  each  plate  one  or  more  small, 
sunken  tubercles,  which  are  perforate j  increnulate,  scrobicnlate,  and 
well- spaced.     Between  the  tubercles  are  many  granules. 

lntei*ambulacra  broad,  the  postero-laterals  being  rather  larger 
than  the  antero-laterals.  Plates  with  many  tubercles  and  granules 
similar  to  those  of  the  ambulacra. 

The  specimen  was  found  in  the  Coralline  Oolite  of  the  lower 
part  of  the  south  quarry  at  Upware,  and  is  now  preserved  in  the 
Sedgwick  Museum,  Cambridge.  The  genus  has  not  hitherto  been 
recorded  in  England.  The  types  of  Desorella  elata  came  from  the 
Lower  Corallian  (Calcaire  h.  chailles)  of  Yonne. 

EXPLANATION  OF  PLATE  XVI. 

Desorclla  elata  (Desor).    Corallian:  Upware,  Cambridgeshire.    Aboral  and  posterior 
views.    Natural  size. 


il.  —  Note   on   the   Babtpoda,    a    new    Obdeb    of    TTnoulatk 

1^1  AMMALS. 
By  C.  W.  Andrews,  D.Sc.,  F.G.S.,  British  Museum  (Natural  History). 

IN  a  notice  published  on  page  160  of  the  present  volume  it  was 
suggested  that  Artinoiiheriumf  of  which  a  brief  description  was 
there  given,  must  be  placed  in  the  order  Amblypoda,  constituting 
a  new  family,  the  Arsinoitheriidae.  Having  further  considered  the 
evidence  available,  and  having,  moreover,  had  the  advantage  of  some 
discussion  on  the  subject  with  Professors  H.  F.  Osborn  and  W.  B. 
Scott,  I  have  now  come  to  the  conclusion  that  Arainoitherium  dififers 
from  the  Amblypoda  in  so  many  points  that  it  seems  necessary  to 
refer  that  remarkable  mammal  to  a  new  subdivision  of  the  Ungulata 
of  equal  value  with  the  Amblypoda  and  Proboscidea,  to  both  of 
which  a  certain  degree  of  relationship  may  exist.  For  this  new 
order  the  name  Barypoda  is  proposed,  in  allusion  to  the  massive 
character  of  the  limbs  in  the  species  at  present  known.  The 
existence  of  two  orders  so  marked  as  the  Proboscidea  and  the 
Hyracoidea  in  the  Eocene  beds  of  Egypt,  and  their  absence  at  that 
period  from  the  rest  of  the  world  (with  the  possible  exception  of 
South  America),  at  least  make  it  seem  likely  that  in  an  area  so 
isolated  there  were  other  equally  distinct  groups  which  died  oat 
before  circumstances  became  favourable  to  allowing  them  to  pass 
over  to  other  regions.  That  u^rst not ^ Am  um  may  be  the  repre- 
sentative of  such  an  order  is  probable,  for  its  great  size  and 
highly  specialised  character  point  to  its  being  the  closing  member 
of  a  long  line,  of  which  the  earlier  forms  are  at  present  quite 
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unknown,  and  must  be  sought  in  earlier  horizons  in  the  Ethiopian 
region. 

The  ohief  characters  of  the  Bary  poda  are : — Full  eutherian  dentition 
without  diastemata ;  molars  bilophodont,  a  character  probably  pro- 
duced by  the  infolding  of  the  ectoloph  of  increasingly  hypselodont 
teeth.  In  Arainoitherium  the  molars  are  extremely  hypselodont. 
Premolars  differ  widely  from  the  molars.  In  the  skull  the  occipital 
surface  is  strongly  inclined  forwards,  and  there  are  palatal  and  nasal 
homsy  the  latter  of  enormous  size  in  Arsinoitherium,  The  orbit» 
are  open  posteriorly.  An  alisphenoid  canal  is  present.  The  brain 
cavity  is  relatively  much  larger  than  in  the  Amblypoda. 

There  is  no  entepicondylar  canal  in  the  humerus,  and  no  third 
trochanter  in  the  femur. 

The  fore-foot  is  much  like  that  of  the  Proboscidea ;  thus  the 
metacarpals  alternate  to  the  same  extent  as  in  Elephas,  and  the 
scaphoid  is  closely  similar.  In  correlation  with  the  fact  that 
the  radius  is  much  smaller  than  the  ulna,  the  difiPeronce  in  size 
being  greater  than  in  Elephas,  the  cuneiform  is  large  and  seems  to 
have  overlapped  the  magnum,  while  the  scaphoid  is  relatively  small. 

The  hind-foot  differs  widely  from  the  Proboscidean  type  and 
approaches  that  of  the  Amblypoda.  The  astragalus  and  calcaneum 
both  bear  large  fibular  facets.  The  low  and  broad  astragalus 
articulates  distally  with  the  navicular  and  cuboid,  the  latter  having 
only  a  small  surface  of  contact  with  the  calcaneum.  There  was 
probably  a  small  tibiale. 

The  feet  were  no  doubt  pentadactyl,  the  metapodials  being  short 
and  stout.  From  the  form  of  the  calcaneum  it  seems  probable  that 
the  heel  sometimes  rested  on  the  ground. 

The  systematic  position  of  the  other  genus,  Barytherium,  is  still 
doubtful.  It  is  clear  that,  from  the  character  of  its  dentition,  it 
cannot  come  within  the  limits  of  the  Barypoda  as  above  defined ; 
moreover,  as  far  as  can  be  judged  from  the  distal  end  of  the  radius, 
the  carpal  structure  must  have  been  widely  different  frotn  both 
that  of  the  Barypoda  and  Proboscidea,  and  was  more  similar  to 
that  of  the  Dinocerata.  The  humerus  is  of  a  most  remarkable 
form,  and  its  peculiar  character  indicates  that  possibly  the  foro- 
limb  was  used  for  digging  or  burrowing.  For  the  present  it  will 
perhaps  be  safest  to  place  this  genus  quite  provisionally  in  a  sub- 
division of  the  Amblypoda,  the  Barytheria,  equivalent  in  value  to 
the  Dinocerata. 

ni. — On  the  Zone  op  Marsupites  in  the  Ohalk  at  Beddinoton,^ 

NEAR  ObOTDON,    SuRBEY. 
By  Gbobob  JBZfNnros  HDn)B,  Ph.D.,  F.R.S. 

ON  hearing  that  Mr.  G.  E.  Dibley,  F.G.S.,  had  exhibited  at  the 
June  meeting  of  the  Geologists'  Association  some  test-platen 
of  Marsupites  from  the  Ohalk  of  a  new  road  near  Bussell  Hill, 
I  made  inquiries  of  him,  and  he  most  kindly  told  me  the  particular 
locality  whero  he  and  others  had  obtained  these  fossils.  As  the 
place  was  within  an  easy  walk  of  my  home,  I  visited  it,  in  company 
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with  the  younger  members  of  my  family,  on  an  evening  in  June, 
and  foandy  as  Mr.  Dibley  had  told  me,  that  the  greater  part  of  the 
Chalk  had  been  refilled  into  the  sewer-trench,  and  the  residue  had 
been  spread  over  the  roadway  and  was  now  partly  trodden  down 
by  the  traffic.  We  patiently  broke  a  number  of  the  remaining 
blocks  of  chalk,  and,  in  spite  of  the  fact  that  Mr.  Dibley  had  already 
carefully  worked  at  the  place,  succeeded  in  finding  not  only  a  couple 
of  plates  of  Marsupites  with  Echinoeorys  sctUatus,  etc.,  but  also  some 
smaller  inconspicuous  plates  which,  when  cleaned  from  the  matrix, 
proved  to  be  test-plates  of  the  unstalked,  free-swimming  crinoid, 
Uintaerinus,  Grinnell.  These  showed  the  existence  at  this  place  of 
the  lower  portion  of  the  J/arsupifes-zone,  which  has  been  designated 
by  Dr.  Kowe  *  the  "  Band  of  Uintacrinus" 

Since  last  June  another  trench  for  sewerage,  more  than  a  mile 
in  length,  and  from  20  to  25  feet  in  depth,  has  been  in  course  of 
excavation  along  the  northern  half  of  Plough  Lane,  a  road  leading 
from  Purley  to  Beddington,  to  which  I  have  made  repeated  visits 
during  the  last  two  months,  searching  the  Chalk  exposed  throughont, 
and  the  subjoined  list  gives  the  names  of  the  fossils  obtained. 

The  southern  end  of  the  trench  is  situated  at  the  summit-level 
of  the  Chalk  ridge  between  Purley  and  Beddington,  where  the  new 
road  mentioned  above  (known  as  Peak  Hill  Koad)  is  given  ofiP,  and 
it  is  about  200  yards  south  of  the  Keeper's  Cottage,  shown  on  the 
6  inch  Ordnance  Map.  The  summit  is  about  325  feet  above  O.D., 
and  from  it  there  is  a  gentle  slope  towards  the  north,  in  the  direction 
of  Beddington  as  far  as  where  Plough  Lane  is  crossed  by  the 
Stafford  Koad,  leading  to  Croydon,  at  a  level  of  193  feet  O.D.,  and 
at  this  point  the  trench  stops.  The  entire  area  is  included  in  the 
boundary  of  Beddington  parish. 

At  the  summit-level  of  the  ridge  the  Chalk  is  near  the  surface, 
being  only  covered  by  a  few  inches  of  brownish  sandy  soil,  but 
lower  down  the  northern  slope  it  gradually  passes  beneath  beds 
of  brownish  sandy  loam,  shown  in  the  trench  to  a  depth  of  3-4  feet, 
which  represent  the  lower  portion  of  the  Eocene  Thanet  Sand,  and 
between  the  sandy  loam  and  the  Chalk  there  is  in  places  a  thin  layer 
of  the  unworn,  green-coated  flints,  known  as  the  BuIPs  Head  bed. 
The  dip  of  the  Chalk  from  the  summit  towards  the  north  is  probably 
about  the  same  as  that  of  the  general  slope  of  the  surface.  As  far 
as  can  be  seen,  the  Chalk  in  the  Plough  Lane  trench  is  of  the  same 
soft,  white  character  throughout ;  it  contains  but  a  moderate  number 
of  black,  solid,  nodular  flints,  with  a  thin  white  crust,  which,  I  am 
informed,  are  principally  from  one  layer,  but  small  nodules  are 
occasionally  present  elsewhere  in  the  beds. 

Fossils  are  very  inequally  distributed  in  this  Chalk ;  in  some 
parts  of  the  section  they  are  fairly  common,  whilst  in  others  one 
may  split  open  a  number  of  blocks  without  finding  any.  The  list 
^iven  below  is  by  no  means  complete,  for  the  Microzoa  have  not 
been  worked  out.      In  determining  the  various  forms  I  wish  to 

»  Proc.  Geol.  Assoc,,  vol.  XTi  (1900),  p.  291. 
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acknowledge  the  assistanoe  freely  given  to  me  by  my  friend 
Mr.  E.  T.  Newton,  F.R.S.,  of  the  Jermyn  Street  Museum,  by 
Dr.  Bather,  Mr.  R.  B.  Newton,  and  Mr.  W.  D.  Lang,  of  the^ 
British  Natural  History  Museum,  and  by  Mr.  0.  D.  Sherbom. 


List  of  Fossils. 


Plant*. 


Linear  markiiigs  reeembling  the  foliage 
of  Finus,  Mant.    B.^ 

Sponoida. 

OephaliteM  hngitudinalis,  T.  Smith.    B. 
JPharetrosponffia  Sirahani^  SoUas.     B. 
FUnthoteUa  squamosa,  v.  Zitt.     C. 
Floeoaeyphia  convoluta,  T.  Smith.    C. 

„        sp.    C. 
Torotphara  globulatii,  Phill.    C. 

„        nueiformit,  t.  Hae.    0. 

„        patilifonnit,  Hinae.    B. 

ACTIKOZOA. 

Farasmilia  eentraliSy  Mant.    B. 
„        granulata,  Done.    B. 

ECHINOIDBA. 

CidarU  hirttdo,  Sone.  (spine).     B. 

,,     peroifiata^  Forbes  (spine).    B. 
Cyphosoina  Koenigi,  Mant.  (spine).     B. 
Echinoeorys  scuta  tm,  Leeke. 

„  „         Tar.  pyramidatus, 

Portl.    C. 
,,  ,,        y&r,  stfiatuSflam. 

B. 
OaUrites  yhbultu,  Desor.     B. 
Mierasttr  cor'angmmtm,  Leeke.    B. 

Ckinoidea  and  Asteboioba. 

Asteroidea  (marginal  ossicles).     C. 
Bourgeticrinm  eliiptieust  Miller.     B. 

„  sp.  (nipple-shaped).     B. 

Marsupites  testttdinaHus,  Mill.     C. 
Uintacrinus  sp.     C. 

Annelida. 

Serpula  ampuUacea,  Sow.     B. 
„       turbinella,  Sow.     C, 


Crustacea. 

Bairdia  subdeltoid^,  Miinst. 
PoUieipes  glaber,  Boem.  B. 
SealpslUtm  maximum.  Sow.     B. 

POLYZOA. 

Aetinopora  papyraeta,  d'Orb. 
Berenieea  polystoma,  Boem. 

„      regularis,  d'Orb.,  var.  elliptica, 
Greg. 
Eschara  Lamarcki,  Hag. 
Frohoseina  radioUtorumy  d*Orb. 

„      anomala,  Beuss. 
Stotnatopora  granulata,  Milne  £d. 
Spinipora  Dixoni. 

Brachiopoda. 
Kingena  Umay  Defr.     B. 
Rhynehonella  pheatiliSj  Sow.    K. 
TerebrattUina  Roxcei,  Kitchin.     K. 
„        striata,  Dav. 

Lahbllibrancuiata. 
Exogyra  sp. 

Inoeeramus  Cuvieri,  Sow.     C. 
Ostrea  vesicular is^  Sow.     C. 

,,      Wegmanniana,  d'Orb.     C. 
Feetm  eretosus,  Defr.     B. 
Flieatula  sigillina^  Woodw. 
Spondylus  latus.  Sow.    B. 
„        spitwsus.  Sow.     C. 

Gasteropoda. 
Eipponyx  Dixoni,  Desh.     B. 

Cephalopoda. 
Ammonites  leptophyllus,  Sharpe. 
Actinoeamax  granulafwt,  Blaiuv. 
,,  rerus,  Miller.     R. 

Pisces. 
Corax  falcatus,  Ag. 
Enehodus  sp. 
Lamna^ 


B. 


Notes  om  thr  Fossils. 

Planta.  —  The  only  plant-remains  found  belong  to  the  species 
figured  by  Mantell  as  resembling  the  leaves  of  Pinus  (Greology  of 
Sussex,  1822,  p.  157,  pi.  ix,  figs.  2,  12).  I  am  not  aware  that  they 
have  been  properly  described  and  named.  They  were  found  at  the 
north  end  of  the  road  section. 

Spongida, ^Siliceous  sponges  are  very  abundant,  and  there  appears- 
to  be  a  band  of  the  rook  filled  with  their  remains.     Their  skeletons 

^  B.  =  rare ;  C.  =  common. 
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are  now  replaced  by  iron  peroxide,  and  oonseqaently  they  are  in 
bad  preservation.  In  addition  to  the  species  recognized,  there  are 
fragments  of  Tetraotiijellid,  Lithistid,  and  Hexactinellid  forms,  but 
too  imperfect  even  for  generic  identification.  Oalcisponges  are  not 
so  common,  but  are  better  preserved.  Porosphara  is  represented  by 
specimens  from  2  to  18  mm.  in  diameter. 

Eehinaidea, — Eehinoeorys  scutatus,  yar.  pyramtdcUtu,  is  the  pre- 
dominant sea-urchin,  and  it  occurs  throughout  the  section,  but  more 
abundantly  in  association  with  MarwpiUs.  The  large  depressed  or 
dome-shaped  form  of  JSl  scuiatuif  the  yar.  striatuSf  is  less  common. 
Mieraster  cor'angmnum  occurs  at  both  ends  of  the  section,  but  it  is 
somewhat  rare.  OaUrites  globulu$  is  rare,  and  I  have  only  met  with 
it  near  the  south  end  of  the  trench.  OaUrites  albogalerus  {^^eonieus) 
does  not  seem  to  be  present  in  the  road  section,  though  it  is  not 
uncommon  in  the  Ohalk  of  a  road  cutting  a  little  further  to  the  south 
of  the  present  one. 

Asteroidea. — ^Tbe  detached  marginal  ossicles  of  this  group  are 
present  in  all  parts  of  the  section,  and  they  probably  belong  to 
seyeral  species. 

Bourgeticrinus  ellipticus. — The  cylindrical  and  barrel-shaped  stem- 
joints  are  frequent ;  usually  single,  but  occasionally  two  are  con- 
nected together;  the  heads  of  this  species  are  rare.  The  peculiar 
nipple-shaped  heads  of  another  species  of  Hourgeticrinua,  figured  by 
Dr.  Rowe,^  but  apparently  not  yet  named,  are  occasionally  found. 
Dr.  Rowe  states  that  he  has  not  found  this  form  outside  the 
Maranpitei'Zone. 

MarsnpiieB  testudinarius. — Detached  plates  of  the  test  occur  in 
various  parts  of  the  road  section ;  they  are  fairly  numerous  at  the 
higher  south  end  between  the  Ee'eper*s  House  and  the  end  of  the 
trench,  and  also  near  the  north  or  Beddington  end,  below  the  New 
Barn  Farm,  whilst  in  some  of  the  intermediate  portions,  where 
UiniacrinuB  plates  are  abundant,  I  have  failed  to  find  any  of 
Marsupites.  No  complete  specimens  have  as  yet  been  discovered 
in  this  Chalk,  but  not  unfrequently  several  plates  occur  in  close 
proximity,  as  if  they  bad  belonged  to  a  single  individual,  lliere 
are  notable  differences  in  the  size  and  ornamentation  of  the  plates 
from  different  parts  of  the  section ;  thus,  at  the  south  end  the  plates 
are  large  and  thick,  reaching  a  maximum  of  32  mm.  in  width,  and, 
as  a  rule,  they  are  strongly  ribbed  or  striated,  whilst  those  met  with 
at  the  northern  end  are  relatively  thin  and  not  over  14  mm.  in 
width,  and  their  upper  surfaces  are  quite  smooth,  with  occasionally 
a  low  fold  near  the  margins.  The  brachial  joints  of  MaraupiUs  are 
rare,  they  are  considerably  larger  than  those  of  Uintaerinua,  and  they 
difftsr  also  in  form  and  in  the  ornamented  exterior  surface. 

UintaerinuB  sp. — The  irregularly  polygonal  plates  of  the  test  are 
fairly  numerous,  more  particularly  in  those  parts  of  the  road  section 
between  the  Keeper's  House  and  the  New  Barn  Farm,  where 
Mar8upit€8  seems  rare  or  absent.     Only  single  detached  plates  are 

*  Proc.  Geol.  Assoc.,  vol.  xri  (1900),  p.  297,  pi.  Tiii,  fig.  6. 
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found ;  they  range  from  4  to  10  mm.  in  width.  The  horseshoe-shaped 
brachial  plates  or  joints  are,  as  one  may  suppose,  more  abundant 
than  the  test-plates ;  in  some  oases  several^  occur  in  a  series  as  if 
belonging  to  the  same  arm ;  they  range  from  2  to  6  mm.  in  width. 
Some  of  these  small  brachial  joints  closely  resemble  those  of 
U.  soeialis,  Grinnell,  from  the  Chalk  of  Kansas,  as  figured  by 
Dr.  Bather,^  and  others  correspond  as  closely  with  those  of  U.  West- 
falieus,  Sohl.,  from  Becklinghaasen,  in  Westphalia,  as  shown  in 
Schliiter's  figures.'  Whether  the  forms  in  our  English  Chalk 
belong  to  either  of  the  above  or  to  a  distinct  species  is,  at  present, 
an  open  question. 

Folyzoa. — In  addition  to  the  species  named  in  the  list,  which  have 
been  determined  by  Mr.  W.  D.  Lang,  there  are  several  species  of 
Gheilostomata  not  yet  worked  oat 

Braehiapoda. — This  group  is  very  poorly  represented  in  the 
Beddington  section ;  I  have  only  seen  single  examples  of  each  of 
the  four  species  in  the  list 

LameUibranehiata. — ^These  are  more  numerous  than  the  Braohiopods. 
InoceramuB  is  common  in  places,  and  large  but  imperfect  e;camples 
occur;  small  forms  of  Ostrea  are  distributed  generally.  Spondylu$ 
spinoius  is  not  infrequent,  and  large,  well-preserved  specimens  are 
met  with. 

Ammonites  leptophyllus  is  represented  by  an  impression,  on  a  block 
of  chalk,  of  a  portion  of  the  septal  sutures  of  an  individual  which, 
in  Mr.  Crick's  opinion,  may  have  been  from  2  to  3  feet  in  diameter, 
corresponding  with  those  present  in  the  Marsupiiea  zone  near 
Margate.  It  was  found  at  the  southern  end  of  the  road  section 
near  the  Keeper's  House. 

AcHnoeamax  verus,  —  I  only  obtained  a  fragmentary  specimen, 
which  "was  determined  by  Mr.  Crick.  It  came  from  near  the  New 
Barn  Farm,  about  midway  in  the  road  section,  where  Uintaerinua 
plates  are  abundant.  Two  specimens  of  A,  granulatuB  were  found 
by  Mr.  W.  M.  Holmes  at  the  higher  south  end  of  the  trench. 

Piices. — In  addition  to  the  teeth  named  in  the  list,  the  Chalk 
throughout  this  road  section  contains  great  numbers  of  the  scales 
and  bones  of  small  fishes,  and  one  can  hardly  break  np  a  block 
without  meeting  with  them,  either  scattered  singly  or  in  small 
groups  of  irregularly  commingled  and  compressed  bones  and  scales, 
without  showing  any  definite  outlines  of  the  fish  to  which  they 
belonged.  The  fishes  were  evidently  small,  and,  judging  from  the 
number  of  their  remains,  they  must  have  swarmed  in  the  sea  of 
the  period. 

The  fossils  present  in  this  Plough  Lane  road  cutting  prove 
unmistakably  that  the  Chalk  in  this  part  of  Beddington  belongs  to 
the  zone  of  Marsupitea  and  that  the  Uintaerinm  band  is  also  well 
represented.  It  may  also  reasonably  be  inferred  that  this  zone  will 
be  found  on  the  same  line  of  strike  in  South  Croydon,  where  indeed 

1  Proc.  Zool.  Soc.,  1895,  pi.  liv,  figs.  2-13. 

^  Zeitschr.  deutsch.  geol.  Gee.,  xxx  (1878),  pi.  it. 
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ito  presence  has  already  been  anticipated.'  There  appears  to  be 
a  very  close  resemblance  in  the  characters  of  this  zone  atBeddington 
and  those  of  the  corresponding  zone  in  the  coast  sections  near 
Margate,  so  well  described  by  Dr.  Rowe.^  With  hardly  an  exception 
the  same  characteristic  fossils  enumerated  by  Dr.  Bowe  and  a  definite 
sponge  bed  are  present  in  both. 

Hitherto  the  highest  Chalk  in  this  part  of  the  county  has  been 
considered  to  belong  to  the  zone  of  Micraster  cor-anguinum,  and  in 
the  third  volume  on  the  Cretaceous  Rocks  of  Britain,  lately  issued, 
it  is  stated  (p.  179)  that  in  the  eastern  part  of  Surrey  the  zone 
of  MarsupUes  is  either  concealed  beneath  the  Eocene  or  more 
probably  was  removed  from  the  summit  of  a  low  anticlinal  flexure, 
formed  and  eroded  before  the  deposition  of  the  Tertiaries.'  Professor 
Barrois  included  the  Purley  beds  of  Caleb  Evans  in  the  zone  of 
MarsupiteSf  but  no  specimens  of  this  crinoid  have  ever  been  found 
in  them,  and  it  is  probable  that  there  is  a  considerable  thickness 
of  Chalk  between  them  and  the  Chalk  of  the  Beddington  ridge  in 
which  this  fossil  abounds. 
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IV. — The  Pbnzanok  Earthquakk  of  Maboh  3,  1904. 

By  Chaklbs  Da\18on,  Sc.D.,  F.G.S. 

URINO  the  last  fifteen  years  slight  earthquakes  have  occurred 
in  Cornwall  on  eight  occasions,  the  dates  being  Oct.  7,  1889 ; 
Mar.  26,  1891 ;  May  16  and  17, 1892;  Jan.  26, 1896;  and  Mar.  29, 
April  1  and  2,  1898.  The  Pembroke  earthquakes  of  Aug.  18,  1892 
(0.24  and  1.40  a.m.),  and  Nov.  2, 1893,  and  the  Hereford  earthquake 
of  Dec.  17,  1896,  were  also  felt  in  the  county.  Local  earth-shakes, 
probably  connected  "with  mining  operations,  occur  occasionally,  as 
on  June  4  and  10,  1902.  Under  the  same  heading  should  perhaps 
be  included  the  shock  of  Aug.  27,  1895,  near  Blisland,  which  I  was 
led  to  class  as  seismic  on  account  of  its  very  elongated,  though 
small,  disturbed  area.* 

The  Penzance  earthquake  of  March  3,  1904,  occurred  at  about 
1.5  p.m.^  Isoseismal  lines  of  intensities  5  and  4  are  represented  on 
the  accompanying  map,  and  these  show  at  a  glance  that  the 
-epicentre  was  submarine.  Little  more  than  half  of  each  curve 
traverses  the  land,  and  the  form  of  the  remaining  portions  over  the 
sea-area  can  only  be  conjectured  from  their  trend  before  leaving  the 
land.  If,  however,  the  isoseismal  5  be  completed,  the  centre  of 
the  curve  must  be  close  to  a  point  (indicated  by  a  cross  on  the  map) 
in  lat.  50^  4-2'  N.,  long.  5°  276'  W.,  or  about  3^  miles  south  of 
Marazion.     This  curve  is  13^  miles  long,  and  probably  10  miles 

*  Journ.  Roy.  Micros.  Soc.,  1904,  p.  7. 

*  Proc.  Oeol.  Amoc.,  vol.  xvi  (1900),  pp.  294-301. 

^  Terrain  cr^tac^  sup^rieor  de  l*Angleterre  et  de  Tlrlande,  1876,  p.  139. 

*  Geol.  Mao.,  Dec.  IV,  Vol.  VII  (1900),  pp.  164-5. 

^  The  following  account  is  based  on  76  records  from  46  places,  and  13  negative 
records  from  12  places.  The  cost  of  the  inquiry  was  defrayed  from  a  grant  received 
from  the  Government  Research  Fund. 
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wide  and  110  square  miles  in  area.  The  isoseismal  4  is  19  miles 
long,  about  15|  miles  wide,  and  230  square  miles  in  area,  ita 
distance  from  the  preceding  isoseismal  towards  the  north  being 
2^  miles.     The  longer  axes  of  the  isoseismals  are  directed  from 
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a  few  degrees  north  of  east  to  a  few  degrees  south  of  west.  The 
earthquake  was  also  observed  at  a  few  places  outside  the  isoseismal  4, 
the  sound  being  heard  at  Clowance,  Sennen,  St.  Just-in-Fenwith,. 
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and  Zennor,  which  are  respeotively  ^,  f,  1,  and  1|  miles  from  th& 
ourve,  and  a  slight  shook  being  also  felt  at  Clowance,  Sennen,  and 
Zen  nor. 

The  shook  consisted  of  a  single  series  of  vibrations,  which 
gradually  increased  in  intensity  and  then  faded  away,  the  average 
of  11  estimates  of  the  duration  being  about  4  seconds.  The  sound, 
as  is  usual  in  slight  earthquakes,  was  heard  by  all  the  observers. 
In  18  per  cent,  of  the  descriptions  it  is  compared  to  passing  vehicles, 
in  22  per  cent,  to  thunder,  in  2  to  wind,  in  3  to  the  fall  of  a  load 
of  stones,  in  2  to  the  fall  of  a  heavy  body,  in  52  to  explosions  or  the 
firing  of  a  heavy  gun,  and  in  2  per  cent,  to  miscellaneous  sounds. 
Thus,  in  58  per  cent,  of  the  records,  the  type  of  comparison 
employed  is  one  of  short  duration.  The  beginning  of  the  sound 
preceded  that  of  the  shock  in  53  per  cent,  of  the  records,  coincided 
with  it  in  43,  and  followed  it  in  4  per  cent. ;  while  the  end  of  the 
sound  preceded  that  of  the  shook  in  2  per  cent,  of  the  records,, 
coincided  with  it  in  74,  and  followed  it  in  24  per  cent.  The 
duration  ot  the  sound  was  greater  than  that  of  the  shock  in  58 
per  cent,  of  the  records,  and  equal  to  it  in  42  per  cent 

From  the  above  account,  it  will  be  seen  that  the  disturbance 
possesses  some  resemblance  to  those  which  are  either  wholly  or 
partially  artificial  in  their  origin.  In  particular,  the  brevity  of  the 
sound,  as  shown  by  the  frequent  comparison  to  explosions  of  various 
kinds,  is  suggestive  of  heavy  gun-firing  from  a  ship  about  three 
or  four  miles  south  of  Marazion.  Several  correspondents,  however, 
state  that  no  battleships  were  in  the  bay  on  March  3 ;  and  I  am 
indebted  to  the  Secretary  of  the  Admiralty  for  the  information  that 
"  there  is  no  record  of  any  firing  having  occurred  in  that  locality 
on  the  day  in  question." 

Nor  can  the  disturbance  be  connected  with  a  fault-slip  precipitated 
by  mining  operations.  For  though,  as  Mr.  Clement  Beid  kindly 
informs  me,  there  are  old  workings  under  the  sea  near  Marazion, 
Penzance,  and  Penlee,  none  of  these  is  in  the  required  position. 
And,  moreover,  the  isoseismals  are  farther  apart,  and  the  disturbed 
area  larger,  than  is  usually  the  case  with  such  an  origin. 

It  may  therefore  be  concluded,  I  think,  that  the  observed 
phenomena  were  not  due  to  artificial  causes,  but  rather  to  a  slip, 
three  or  four  miles  in  length,  along  a  submarine  fault  about  3^  miles 
south  of  Marazion.  In  several  ways  —  especially  in  the  small 
disturbed  area,  the  closeness  of  the  isoseismals,  and  the  brevity  of 
the  sound  —  the  Penzance  earthquake  resembles  an  after -shock 
of  a  moderately  strong  earthquake,  and  it  is  probable  that  the 
focus  was  situated  at  no  great  depth.  The  exact  direction  of  the 
earthquake-fault  is  somewhat  uncertain,  owing  to  the  incompleteness 
of  the  isoseismals ;  but  it  cannot  have  deviated  widely  from  that  of 
the  lodes  in  the  neighbourhood  of  Marazion. 

In  an  interesting  paper,^  Mr.  Clement  Keid  has  suggested  that  an 

^  '<0n  the  probable  occurrence  of  an  Eocene  outlier  off  the  Cornish  Coast*': 
Quart.  Joum.  Geol.  Soc,  vol.  Ix  (1904),  pp.  113-117. 
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Eocene  basin  mav  lie  under  the  sea  in  Mount's  Bay  and  the  western 
part  of  the  English  Channel.  It  is  by  no  means  impossible  that 
the  last  of  the  series  of  movements  resulting  in  the  formation  of 
the  suggested  basin  was  that  which  caused  the  recent  Penzanoe 
earthquake. 

V. — NOTB  ON  TWO  CkPHALOPODS  OBTAINED  BY  LlEUT.-CoL.  SkINNSB, 

R.A.M.C.,  ntoM  THE  Valley  of  the  Toohi  Bivbb  on  the  nobth- 

WEST  FBONTIEB  OF  InDIA. 

By  G.  C.  Ceick,  F.G.S.,  of  the  British  Museum  (Natural  History). 

f  pHE  valley  of  the  Tochi  River  is  an  outlying  comer  of  the  British 
X  Empire  in  India  forming  a  portion  of  Waziristan,  the  boundary 
of  which  was  delineated  in  1894-5  by  an  Anglo- Afghan  Commission 
from  the  Afghan  provinces  of  Ehost  on  the  north  and  Birmul  on 
the  west'  Mr.  F.  H.  Smith,  of  the  Geological  Survey  of  India, 
accompanied  this  Commission  as  geologist,  and  his  observations  "  On 
the  Geology  of  the  Tochi  Valley  "  were  published  in  1895  in  the 
"  Records  of  the  Geological  Survey  of  India "  (vol.  xxxviii,  pt.  8, 
pp.  106-110,  pi.  iii).  On  p.  109  he  says:— "The  range  of  hills 
between  Idak  and  Miran  Sbah^  is  formed  by  an  anticlinal  ridge 
which  approximately  strikes  north  and  south,  and  which  is  composed 
of  these  lower  eocene  beds.  In  the  core  of  the  anticlinal  a  con- 
siderable thickness  of  massive  dark  grey  limestone  is  exposed,  in 
which  I  could  find  no  fossil  remains;  the  age  of  this  limestone  is 
therefore  doubtful,  and  there  is  no  evidence  of  any  kind  to  show 
whether  it  belongs  to  the  lowest  tertiary  or  upper  mesozoic  age." 

In  1897  the  Tochi  Valley  was  visited  by  an  expedition  sent  there 
to  avenge  an  assault  upon  our  troops  that  was  made  at  Maizar  in 
June  Qf  that  year  by  the  Madda  Ehel,  a  section  of  the  tribe  of  the 
Darwesh  Ehel  Waziris  who  inhabit  the  locality.  Major  (now 
Lieut.-Col.)  B.  M.  Skinner,  K.A.M.C.,  who  accompanied  this 
expedition,  was  fortunate  enough  to  obtain  from  the  anticlinal  ridge 
referred  to  by  Mr.  Smith,  besides  several  fragments  of  coral,  the 
two  Cephalopods  (an  Ammonoid  and  a  Belemnite)  which  form  the 
subject  of  the  present  note. 

The  information  accompanying  the  Ammonoid  (No.  213)  is  as 
follows: — "Derived :  found  in  the  Alveolina  limestone  at  Miram  Shah, 
E.  of  Dandi  plain  " ;  whilst  the  locality  of  the  Belemnite  (No.  225) 
is  recorded  as  "E.  of  Miram  Shah,  halfway  to  Idak."  The  portion 
of  Mr.  Smith's  section  referring  to  this  locality  is  reproduced  in  the 
accompanying  figure,  and  Lieut-Col.  Skinner  has  been  so  good  as 
to  indicate  on  the  section  the  localities  of  his  fossils.  The  fragments 
of  coral  were  found  at  the  spot  marked  a  ;  the  Ammonoid  was 
obtained  from  the  debris  in  the  neighbourhood  of  the  limestone  at  6 ; 
whilst  the  Belemnite  was  found  in  situ  at  the  point  marked  d.  At 
the  spot  marked  c  Lieut.-Col.  Skinner  tells  me  that  he  observed  in 

1  See  Major  (now  Lieut.-Col.)  B.  M.  Skinner,  R.A.M.C,  "The  Valley  of  the 
Tochi  River,"  Scifttee  OotHp,  November,  1899,  pp.  163-4. 
'  Also  spelt  Hir&m  Shah. 
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the  rock  a  huge  branching  coral  which  ifc  was  quite  impossible  for 
him  to  extract. 

Although   the    fossils    are   very   frag-  mvoi 

mentary    and    difficult    satisfactorily    to 
determine,  they  are  of  great  importance     aj 
as  showing  the  Mesozoic  age  of  the  rocks 
forming  the  core  of  the  anticlinal  between 
Miram  Shah  and  Idak. 

The  Belemnite  (see  Text -figure  1, 
p.  492)  is  partially  imbedded  in  a  light 
greenish* grey,  in  places  buff- coloured 
limestone,  and  its  exposed  surface  has 
been  very  much  weathered.  It  was  found 
in  situ  at  a  spot  which  Lieut-Colonel 
Skinner  describes  as  '*  E.  of  Miram  Shah, 
halfway  to  Idak,"  and  which  is  marked  d 
on  the  section  reproduced  herewith.  I'he 
specimen  is  about  47  mm.  long,  but  haH 
been  broken  across,  and  the  two  parts, 
20  and  27  mm.  long  respectively,  have 
been  so  dislocated  that  they  are  now  some 
5  or  6  mm.  apart.  The  smaller  fragment 
is  part  of  the  alveolar  end,  a  portion  of  the 
alveolus  being  preserved.  ITie  exposed 
surface  of  the  fossil  is  ventral.  The 
ventral  surface  of  the  alveolar  portion  of 
the  guard  appears  to  have  been  provided 
with  a  median  groove,  but  precisely  how 
far  this  extended  backward  cannot  be 
ascertained  on  account  of  the  eroded  state 
of  the  fossil ;  it  was  probably  confined  to 
the  alveolar  region.  The  guard,  as  now 
preserved,  is  nearly  circular  in  cross- 
section,  its  dorso  -  ventral  and  transverse 
diameters  being  each  about  9  mm.  ; 
allowing  for  the  erosion   of  the  ventral  y  v\ 

surface,    the  guard   seems    originally   to  vU\ 

have  been  a  little  compressed  and  nearly  ^^ 

cylindrical  or  possibly  a  little  fusiform. 
Unfortunately  the  posterior  part  of  the 
guard  is  wanting.  The  specimen  is  also 
so  much  eroded  that  a  definite  determina- 
tion is  quite  impossible. 

The  fragment  of  an  Ammonoid  (see  Text- 
figs.  2a-a,  p.  492)  consists  of  the  posterior 
part  of  the  body  -  chamber.  Lieut.-Col. 
Skinner's  note  respecting  it  is  as  follows : — 
''Derived,  found  in  the  Alveolina  lime- 
stone at  Mir^m  Shah,  E.  of  Dandi  plain.*' 
It    was    found     in    the    debris    in    the 
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neighbourhood  of  the  limestone  at  the  locality  marked  h  in  ilie 
section  reproduced  herewith.  Its  greatest  length  is  44  mm. ;  it  is 
depressed,  subtrapezoidal  in  cross-section,  and  has  its  greatest  width 
near  the  margin  of  the  periphery  ;  its  dorso-ventral  diameter  (or 
height  of  the  whorl)  is  24*5  mm.,  its  greatest  width  being  34  mm. 
including  the  ribs,  or  32  mm.  excluding  the  ribs.  Although  con- 
siderably eroded  the  specimen  appears  to  be  not  quite  symmetnoa], 
one  margin  of  the  periphery  being  much  more  angular  than  the 
other  ;  consequently  on  one  side  the  most  prominent  part  of  the 
whorl  appears  to  be  close  to  the  peripheral  margin,  whilst  on  the 
other  the  most  prominent  part  is  at  about  one-third  of  the  height  of 
the  whorl  from  the  periphery. 

The  shell  was  almost  entirely  evolute,  and  was  scarcely  impressed 
by  the  preceding  whorl ;  the  sides  of  the  whorl  are  convex,  sloping 

lb 

'la 


Fig.  1. — Belemnite  from  Mesozoic  rocks  (Neocomian  ?)  between  Mir§m  Shah  and 

Idak,   Tochi  River  District,  N.W.  India.      The  fissure  traversing  the 

'    specimen  long:itudinaI]y  is  of  the  nature  of  a  crack  and  not  a  eroove. 

Drawn  from  the  specimen  [register  number  C.  9296]  in  the  British  Museum 

{Natural  History). 

Fio.  2. — Ammonoid  {Crioeeroi?^  from  Mesozoic  rocks  (Neocomian?)  between 
Mir&m  Shah  and  Idak,  Tochi  River  District,  N."W.  India,  a,  peripheral 
or  ventral  aspect ;  6,  lateral  aspect ;  r,  dorsal  aspect ;  dy  transverse  section 
showing  asjTnmetry  of  the  whorl.  Drawn  from  the  specimen  [register 
number  C.  9297]  in  the  British  Museum  (Natural  Histor)'). 

gradually  from  near  the  margin  of  the  periphery  into  the  umbilicus, 
the  umbilical  margin  being  imperfectly  defined.  The  fragment 
bears  six  rather  coarse  prominent  ribs,  each  about  2  mm.  wide, 
separated  by  interspaces  of  about  twice  their  own  width.  The  ribs 
rise  at  the  inner  third  of  the  lateral  area,  extend  rather  obliquely 
forward  to  the  margin  of  the  broad  periphery,  which  the}'  traverse 
in  a  straight  course  without  interruption  or  bifurcation,  or  apparently 
without  any  flattening.  The  base  of  the  body-chamber  is  preserved, 
and,  though  imperfect,  gives  the  general  form  of  the  septal  surface 
and  of  the  suture-line.  The  septal  surface  is  a  little  asymmetrical ; 
when  the  surface  is  viewed  posteriorly  the  siphonal  lobe  is  seen  to 
be  a  little  to  the  left  of  the  median  line. 
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The  affinities  of  the  fossil  are  obscure ;  they  seem  to  be  with  some 
forms  of  the  comprehensive  'genus'  Crioceras,  but  compared  with 
such  Neocomian  forms  as  Crioceras  aegoeeraB,  v.  Eoenen,^  and 
C.  caprieomu  (Boemer),'  which  bear  simple  prominent  ribs,  the 
present  specimen  has  broader,  more  depressed  whorls,  and  more 
forwardly- inclined  ribs  than  either  of  these  species.  It  bears 
a  resemblance  to  some  forms  of  the  Upper  Jurassic  genus  Simoceras, 
but  in  that  genus  the  transverse  section  of  the  whorl  is  more  com- 
pressed, whilst  the  ribs  on  the  peripheral  area  are  strongly  curved 
forward,  and  the  form  of  its  septal  surface  is  different  The  last- 
mentioned  character  suggests  affinity  with  the  Lower  Cretaceous 
forms  of  Douvilleiceraa  (B.  mammillaium,  B,  Martinianum,  etc.).  On 
the  whole  we  are  inclined  to  refer  the  specimen  to  the  'genus' 
€rioeeras  with  a  query. 

As  the  two  Cephalopods  were  not  found  at  the  same  spot  and  under 
the  same  conditions  (the  Belemnite  being  obtained  in  siiHy  whilst  the 
Ammonoid  was  picked  up  in  debris  on  the  surface  of  the  ground), 
it  is  quite  possible  that  they  are  not  of  the  same  age  geologically, 
although  their  lithologioal  character  leads  one  to  infer  that  such  is 
the  case.  They  indicate,  however,  the  existence  of  Mesozoic  rocks, 
possibly  of  Neocomian  age,  in  the  anticlinal  between  Miram  Shah 
and  Idak;  and  now  that  the  existence  of  fossils  in  this  limestone 
has  been  recorded  it  is  to  be  hoped  that  at  some  future  time  other 
specimens  may  be  obtained  which  will  enable  the  exact  age  of  these 
rocks  to  be  determined.  In  conclusion,  it  may  be  stated  that  the 
fossils  referred  to  in  this  note  have  been  presented  to  the  British 
Museum  (Natural  History). 

VI. — The  Dolomites  of  Eastern  Iowa. 
By  Nicholas  Knight. 

fPHE  experimental  work  of  this  investigation  was  done  by  Grace 
JL  D.  Bradshaw  in  the  chemical  laboratory  of  Cornell  College. 
The  purpose  was  to  determine  whether  the  silica  exists  in  a  free 
condition  or  is  in  the  form  of  a  silicate ;  also  to  ascertain  whether 
the  iron  is  in  the  ferrous  condition  as  carbonate  or  is  in  the  form 
of  ferric  oxide.  The  rocks  abound  in  many  parts  of  Iowa,  and 
belong  to  the  Niagara  formation.  The  stratified  character  even 
in  a  small  section  is  apparent,  and  the  layers  differ  somewhat 
in  composition,  as  shown  by  the  varying  amounts  of  iron  visible  in 
different  portions.  The  rocks  are  used  as  building  stone  to  manu- 
facture quicklime  and  in  MacAdam  paving. 

1.  To  answer  the  first  question  as  to  the  condition  of  the  silica 
six  pairs  of  determinations  were  made  as  follows  : — 

(a)  A  gram  of  the  finely  powdered  rock  was  placed  in  a  small 
beaker  and  covered  with  a  watch-glass,  a  small  quantity  of  dilute 
hydrochloric  acid  was  added,  and  the  carbonates  were  dissolved  by 

*  Abhandl.  d.  k.  Preuss.  Geol.  Landesanst.,  etc.,  Neue  Folge,  Heft  24  (1902), 
p.  328,  pi.  mvi. 
»  Ibid.,  p.  316,  pi.  xvi,  figs.  1-4. 
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oarefally  heating  to  the  boiling-polDt.  The  insolnble  portion,  whicU 
is  the  silica,  was  filtered  ofif,  dried  in  an  air-bath,  and  the  weight 
determined. 

(b)  A  gram  of  the  fine  powder  placed  in  a  porcelain  evaporating 
dish  of  100  ao.  capacity  wcm  treated  with  dilnte  hydrochloric  acid 
and  covered  with  a  watch-glass.  It  was  warmed  on  the  water- 
bath  until  there  was  no  farther  evolution  of  carbon  dioxide.  The 
watch-glass  was  removed,  and  the  dish  was  kept  on  the  water-bath 
untU  crystals  began  to  appear.  As  the  drying  continued  th& 
substance  was  constantly  stirred  with  a  glass  rod,  until  a  fine  dry 
powder  resulted.  The  powder  was  next  moistened  with  a  few 
drops  of  concentrated  hydrochloric  acid  and  20c.c.  dilute  hydrochloric 
acid  (equal  parts  concentrated  hydrochloric  acid  and  water),  and 
about  the  same  quantity  of  water  was  added.  The  contents  of 
the  dish  were  then  filtered  and  the  silica  determined. 

The  results  for  the  two  methods  were  as  follows : — 

(«)  {h) 

0*78  per  cent 0*76  per  cent. 

0-76  „           0-90        „ 

0-81  ,,            0-85        „ 

0-87  „            0-91 

0-94  „            0-87 

0-94  „            0-73 

The  treatment  described  under  (6)  would  decompose  a  silicate, 
while  the  method  under  (a)  would  not.  As  the  two  series  of  results 
are  fairly  concordant,  the  conclusion  is  that  the  silica  exists  as  a  fine 
sand  disseminated  through  the  rock.  A  private  communication  from 
W.  H.  Norton,  of  the  Cornell  College  department  of  geology,  states 
that  he  came  to  the  same  conclusion  while  studying  the  rock  with 
a  petrological  microscope.  The  method  described  under  (a)  is 
simpler  than  (6),  and  the  work  can  be  done  in  a  much  shorter  time. 
It  is  therefore  to  be  preferred  in  the  analysis  of  rock  of  this  kind. 

2.  The  condition  of  the  iron.  A  gram  of  the  substance  was 
introduced  into  a  flask  of  120c.c.  capacity,  fitted  with  a  bulb  tube 
and  Bunsen  valve  to  prevent  oxidation  of  the  iron.  It  was  dissolved 
in  dilute  hydrochloric  acid.  A  few  drops  of  the  cooled  solution 
were  then  withdrawn  with  a  capillary  tube,  placed  on  a  watch-glass, 
and  tested  with  a  crystal  of  potassium  ferricyanide.  No  suggestion 
of  a  blue  colour  resulted,  showing  the  iron  to  be  in  the  ferric 
condition.  This  increases  the  value  of  a  rock  as  a  building  material, 
as  ferrous  carbonate  is  an  unstable  substance  with  a  tendency  to 
change  to  the  ferric  condition.  A  complete  analysis  of  the  specimen 
resulted  as  follows : — 

CaCo-j        53*62  per  cent. 

MgCo3       44-96 

8102  0*83 

AljOa         0-26 

FejOs        0-34 

100-00 
The  specimen  is  nearly  a  true  dolomite,  which  contains  54-35 
per  cent.  CaCo,  and  45*65  per  cent.  MgCO|.     This  method  of 
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analysis  was  employed : — After  removing  the  silioa  aooording  to 
(a)  a  grata  or  two  of  pare  ammoniom  chloride  is  added  to  the 
filtrate  to  preyent  the  precipitation  of  magnesinm.  It  is  tiien 
heated  to  boiling,  and  a  small  excess  of  ammonia  added,  which 
precipitates  iron  and  alumina.  They  are  determined  together,  and 
then  dissolved  in  the  crncible  with  warm  dilute  hydrochloric  acid. 
The  eolation  is  treated  with  caustic  potash,  which  precipitates  tAie 
iron  and  dissolves  the  alumina.  The  iron  is  filtered  off  and  dis- 
oarded,  because  it  cannot  be  thorou^ly  washed  from  the  caustic 
^^•"^poCSsfaC^Tbe  filtrate  is  slightly  acidified  with  hydrochloric  acid, 
and  the  alumina  is  precipitated  with  freshly  prepared  ammonium 
sulphide.  The  aluminum  sulphide,  when  heated  in  a  crucible,  becomes 
AU  0,.  The  filtrate  from  the  iron  and  alumina,  containing  the  calcium 
and  magnesium,  was  heated  to  boiling  and  precipitated  with  a  f 
solution  of  ammonium  oxalate,  care  being  used  to  avoid  much  excess 
of  the  reagent.  The  precipitate  was  allowed  to  stand  eight  or 
twelve  hours  before  filtering.  The  well-washed  precipitate  of 
calcium  oxalate,  containing  also  a  small  quantity  of  magnesium  oxalate, 
was  dissolved  in  warm,  dilute  hydrochloric  acid,  and  the  solution 
was  made  alkaline  witii  ammonia.  This  precipitates  the  calcium 
oxalate,  and  leaves  the  magnesium  in  solution.  This  with  the  main 
portion  of  the  magnesium  is  precipitated  as  magnesium-ammonium 
phosphate,  and  weighed  as  magnesium  pyrophosphate.  9^^^  O 

YII.— On  the  Cause  of  Compression  of  the  Earth's  Crust.' 
By  the  Rev.  0.  Fwhbr,  M.A.,  F.G.S. 

I  USED  to  think  that  the  corrugations  of  the  earth's  crust  were 
due  to  compression  through  the  shrinking  of  the  interior.  To 
judge  of  the  sufficiency  of  this  cause  the  first  thing  to  be  done  is 
to  seek  a  measure  of  the  compression,  and  then  to  compare  the 
result  of  the  effects  of  cooling  with  the  actual  amount  of  compression. 
The  most  satisfactory  measure  appears  to  be  the  thickness  of  the 
layer  which  the  corrugations  would  form  if  levelled  down.  The 
question  then  becomes  one  of  haw  much.  In  1863  Lord  Kelvin 
Ahen  Sir  W.  Thomson)  formulated  a  law  of  secular  cooling  upon 
the  hypothesis  that  the  interior  is  solid.  Adopting  a  probable 
value  for  the  contraction  of  rocks  in  cooling,  I  calculated  the 
thickness  of  the  layer  which  would  be  produced  by  the  corrugations 
resulting,  and  found  it  far  short  of  that  which  the  existing  inequalities 
would  form  if  levelled  down.  Mr.  Mellard  Beade  and  Dr.  Davison 
subsequently  discovered  the  existence  of  a  level  of  no  strain  within 
the  crust,  and  this  greatly  reduces  the  possible  amount  of  corrugations. 
The  conclusion  at  which  I  arrived  was  that,  on  the  hypothesis  of 
a  solid  globe,  secular  contraction  through  oooling  would  not  account 
for  the  corrugations. 

Numerous  phenomena  suggest  to  the  vulcanologist  that  the  sub- 
stratum is  a  liquid  magma  holding  water-gas  in  solution.    The  free 

1  Bead belare  th«  British  AModatMn,  Cambridge,  Section  C  (Geology),  Aug.,  1904. 
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yielding  of  the  sabstratum  is  also  testified  by  the  phenomena  of 
isostacy.  I  have  therefore  endeavoured  to  estimate  the  amount 
of  oomigations  which  would  be  produced  by  a  oooling  globe  also 
on  this  hypothesis.  But  although  they  would  be  slightly  greater 
than  in  the  case  of  a  solid  globe,  they  still  fall  far  short  of  those 
actually  existing.  I  therefore  argue  that  the  corrugations  of  the 
crust  are  not  due  to  the  shrinking  of  the  interior  away  from  the 
cooled  crust,  whether  we  regard  the  interior  as  solid  or  liquid. 

If  it  be  asked  what  my  views  are  upon  this  vexed  question,  I  may 
be  allowed  to  say  that  I  have  published  them  fully  in  my  **  Physios 
of  the  Earth's  Crust."  In  it  I  have  given  reasons  for  believing  that 
the  substratum  is  affected  by  convection  currents,  and  that  these 
ascend  beneath  the  oceans,  and  flowing  horizontally  towards  and 
beneath  the  continents,  and  descending  beneath  mountain  chains, 
are  the  cause  of  the  compression  of  the  crust,  and  other  disturbances, 
of  which  we  are  in  search. 

Before  giving  my  reasons  for  believing  that  upward  convection 
currents  exist  beneath  oceans,  it  is  in  the  first  place  necessary  to 
combat  the  dictum  of  leading  physicists  that  the  interior  of  the 
earth  is  solid.  It  has  been  asserted  that,  unless  the  earth  is  extremely 
rigid,  bodily  tides  would  be  produced,  and  that  there  would  be  no 
rise  and  fall  of  the  water  relatively  to  the  land.  If  the  earth  was 
a  smooth  spheroid  covered  with  a  uniformly  deep  ocean  this  would 
no  doubt  be  true.  But  as  matters  stand,  the  tides  of  short  period 
are  affected  by  local  irregularities  known  as  the  establishment  of 
the  port.  If  the  substratum  of  the  crust  is  liquid,  isostacy  requires 
large  protuberances  of  its  underside,  which  would  cause  irregularities 
in  the  tides  in  the  magma  analogous  to  those  in  the  ocean,  and, 
unless  these  agree  in  time,  in  height,  and  in  place,  with  the  water 
tides,  the  latter  will  not  be  obscured  by  them,  and  may  even  be 
augmented. 

Of  tides  of  long  period  the  fortnightly  is  the  most  important; 
but  I  think  I  have  shown  in  the  Appendix  to  my  "  Physics  of  the 
Earth's  Crust "  that  it  had  not  been  proved  by  fifteen  years 
of  observation  that  any  such  tide  existed,^  which  would  be  an 
argument  in  favour  of  the  liquidity  of  the  interior. 

The  peculiarities  of  the  transmission  of  earthquake  waves  to  great 
distances  through  the  body  of  the  earth  have  been  appealed  to,  as 
approving  to  all,  "  except  some  geologists," '  that  the  earth  is  solid. 
The  disturbance  first  arrives  as  a  series  of  minute  tremors.  These 
have  been  considered  to  be  waves  of  compression.  They  are  soon 
followed  by  somewhat  larger  disturbances,  which  have  been  con- 
sidered to  be  waves  of  distortion.  Since  waves  of  distortion  could 
not  be  propagated  in  a  liquid,  it  is  maintained  that  the  earth  is 
hereby  proved  to  be  solid.  In  reply  to  this  argument  I  have  shown 
that,  if  a  liquid  magma  holds  gas  in  solution,  two  types  of  waves 
will  be  propagated  through  it  with  different  velocities.  Tremors 
will  first  arrive  due  to  the  compressibility  of  the  magma,  and 
subsequently  waves  caused  by  the  extrusion  of  gaseous  vesicles  due 

>  p.  34.  «  Darwin's  *'  Tides,*'  p.  236. 
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to  the  changes  of  pressure.  If  my  argument  is  valid^  that  for 
solidity  loses  its  force.' 

I  will  now  give  my  reasons  for  thinking  that  the  substratam, 
if  a  liquid,  is  not  a  still  liquid,  but  is  affected  by  convection  currents. 

Availing  myself  of  Sir  Arthur  Biicker's  observed  values  of  the 
melting  temperature  and  specific  heat  of  Kowley  rag,  I  have  calculated 
that,  if  the  substratum  of  the  crust  be  a  still  liquid,  the  thickness 
of  the  crust  comes  out  22  miles,  and  the  corresponding  time  since 
it  began  to  solidify  about  eight  million  years.  This  is  a  much 
shorter  time  than  geologists  would  admit.  This  result  proves  that 
the  substratum  is  not  a  still  liquid,  and  must  therefore  be  affected 
by  convection  currents,  bringing  up  heat  from  below  and  delaying 
the  thickening  of  the  crust.  The  existence  of  convection  currents 
being  thus,  as  I  submit,  established,  I  will  add  my  reason  for 
believing  that  they  ascend  beneath  the  oceans. 

By  a  somewhat  complicated  calculation,  which,  although  criticised 
by  Mr.  Blake,'  has  been  ably  defended  by  Mr.  Brill,^  I  have,  I  think, 
proved  that  the  substratum  beneath  the  oceans  is  less  dense  than 
beneath  the  land.  This  shows  that  the  upward  currents  are  beneath 
the  oceans.  I  have  at  the  same  time  proved  that  the  suboceanic 
crust  does  not  reach  quite  so  deeply  down  as  the  continental  crust, 
and  that  its  upper  layer  is  thin  and  very  dense,  from  which  I  infer 
that  it  consists  of  basic  lava-flows*  the  oxydation  of  which  would 
afford  the  red  clay,  which  covers  the  bottom  of  the  deeper  oceans. 

These  convection  currents,  ascending  beneath  the  oceans  and  then 
flowing  horizontally  towards  and  beneath  the  continents,  till  they 
descend,  are  in  my  opinion  the  cause  of  the  compression  of  the 
continental  crust. 


VIII. —Thk  High-level  Plateau  Gravels  on  the  Nobth  Sidb  of 

THE  TaMISIAN  AbEA,  AND  THEIR  CONNEXION   WITH  THE  TbHTIABY 

History  of  Central  England.^ 

By  Alexandbb  Irvino,  B.A.,  D.Sc. 
fllHE  author  refers  to  his  work  in  former  years  among  the  High- 
X  level  Plateau  Gravels  south  of  the  Thames,  chiefly  in  Berks 
and  Surrey,  the  results  of  which  were  given  in  various  papers  from 
ten  to  twenty  years  ago.*  The  present  note  may  serve  as  a  supple- 
ment to  those  papers,  in  which  the  conclusion  was  arrived  at  that 
the  gravels  in  question  were  to  be  regarded  as  distinctly  of  riverine 
origin  and,  upon  the  whole,  of  Pliocene  age.     Occupying  original 

1  Proc.  Camb.  Phil.  Soc.,  1904. 
3  Phil.  Mag.,  1894. 

*  Ibid.,  1895. 

♦  **  Physics  of  the  Earth's  Crust,"  Appendix,  p.  8. 

^  A  paper  read  before  the  British  Association,  Cambridge,  Section  C  (Geology), 
August,  1904. 

•  **  The  Bagshot  Strata  and  their  Associated  Gravels."  Proc.  Geol.  Assoc.,  vol  viii 
(1883);  "On  the  High  Level  or  Plateau  Gravels,^*  Quart.  Joum.  Geol.  Soc., 
vol.  xlvi  (1890) ;  Lecture  at  Windsor  on  "  The  Geological  History  of  the  Thames 
VaUey,"  Science  Gossip,  May  and  June,  1891 ;  "  On  Surface  Changes  in  the  London 
Basin,"  Geol.  Mao.,  May,  1893. 
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lines  of  drainage,  they  now  oq>  the  higher  parts  of  the  terrain  of 
the  Bagshot  ooantry,  having  preserved  those  parts  from  d^radation^ 
while  the  intervening  portions  have  been  removed  by  ordinary 
agents  of  denudation  to  form  the  present  southern  npliuid  valley- 
system  of  the  Thames  Basin. 

This  view,  first  propounded  in  1883,  was  endorsed  by  the  late 
Sir  Joseph  Prestwioh,  F.R.S.,  in  his  papers  on  the  Mundesley 
and  Westleton  beds,  whioh  were  given  to  the  Oeologioal  Sooiety 
in  the  year  1890.  The  author  is  not  aware  that  that  view  has  i>ee» 
seriously  combated.^ 

In  the  present  oommunioation  the  term  'Plateau  Ghravels'  i» 
used  in  the  same  sense  as  in  that  earlier  literature  of  the  subject 
by  the  author  and  other  writers.  It  denotes  a  series  of  idtogether 
different  age  from  that  denoted  by  the  term  as  it  is  used  in  the 
Handbook  to  the  Natural  History  of  Cambridgeshire  written  for 
^e  use  of  members  of  the  British  Association  at  the  Oambridgo 
meeting  of  1904.  They  are  of  pre-Quatemary  age,  and  are  overlain 
by  Boulder-olay.  They  may  be  regarded  as  the  lower  stretdiefr 
of  the  series  which  cap  the  higher  ground  of  Herts  and  the  adjoining 
counties,  which  was  doubtless  a  continuous  sloping  plateau  before 
the  present  trough-like  valleys,  such  as  liiose  of  the  Stort  and  the 
upper  Lea,  were  incised  upon  it'  The  term  'plateau  gravel/ 
therefore^  here,  as  in  the  case  of  the  other  series  to  the  south  of  the 
Thames,  seems  to  be  appropriate.  The  gravels  themselves  repose 
upon  the  Tertiary  strata  of  the  district  In  a/mdtire  and  in  tneir 
relation  to  the  Eocene  formations  they  correspond  completely  with 
the  high-level  pla1;eau-gravels  to  the  south  of  the  Thames,  that 
structure  having  been  minutely  described  by  the  author  in  the 
papers  referred  to.^  But  the  composition  of  these  gravels  on  the  north 
side  is  totally  different  from  that  of  those  on  the  south  side  of  the 
lliames  Valley.  There  everything  points  to  the  derivation  of  the 
materials  from  the  once  much  higher  country  formed  by  the  Wealden 
and  Kingsclere  axes  of  elevation ;  here  the  materials  are  such  aa 
could  only  have  come  from  the  north  or  north-west.  Their  most 
marked  characteristic  is  the  abundance  of  quartzite  pebbles,  together 
with  quartz,  chert,  and  Lydian  stone,  from  the  Bunter  of  the  north 
and  west  Midlands.  Along  with  these  rolled  fragments  of  Millstone 
Orit,  Goal-measure  Sandstone,  Carboniferous  Limestone,  Magnesian 
Limestone  are  of  less  common  occurrence,  while  even  pebbles  of 
felstone  and  gneiss,  probably  from  the  Malvern  crystallines,  may  be 
recognised.  All  these  materials  may  have  been  derived  immediately 
from  the  Bunter  Sandstone  as  the  auth<^  is  acquainted  with  it ;  and 
along  with  these  the  more  durable  rocks  of  the  intermediate  Jurassic 
series  of  the  Mercian  area  are  represented,  together  with  Belemnites 
and  Grypheas  rolled  into  pebbles;   telling  us  that  the  peneplane 

^  TluB  is  now  generaDy  recognised,  yet  in  a  referee's  note  to  the  original  MS.  in 
1888  it  was  pronounced  **  new  to  geology  and  basdess  *' ! 

*  The  Talfey  in  which  Mnch  Hadham  lies  affords  a  good  example  of  this  trough- 
iSce  form  on  a  smaller  scale. 

'  See  especially  ''Note  on  the  Plateau  Gravels,  etc.'' :  Q.J.a.S.,  No?.,  1890. 
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of  the  Chalk  extension  to  the  north-west,  across  whioh  these  rivers 
flowed,  had  been  already  so  deeply  farrowed  by  them  that  they  had 
even  then  begun  to  saw  down  into  the  Jarassic  rooks.  Boiled 
fragments  ocour  of  basio  igneous  rooks  and  other  orystallines,  the 
origin  of  whioh  it  is  not  easy  to  determine,  though  tliey  may  have 
oome  from  Ohamwood  or  from  the  igneous  intrusions  of  Warwickshire 
and  Worcestershire.  Sarsens  and  flinty  detritus  are  common  enough 
in  the  gravels  as  well  as  Tertiary  flint  pebbles. 

Not  only  are  these  gravels  much  older  than  the  Boulder-clay 
{and  its  equivalents),  superimposed  upon  them,  but  their  relation 
to  the  present  river-drainage  shows  that  they  are  older  than  even 
the  pre-Olacial  valleys  of  erosion  in  the  Chalk,  now  buried  beneath 
alluvial  detritus,  whioh  has  been  proved  by  a  well  in  the  valley  of 
the  Stort  to  a  depth  of  170  feet ;  while  on  the  watershed  between 
the  Stort  and  the  Cam  (also  a  buried  valley)  a  well-section 
dose  to  Elsenham  Station  has  proved  a  depth  of  90  feet  of  drift 
before  the  Chalk  is  reached.  We  do  not  know  tiiat  we  have  thexe 
reached  the  lowest  line  of  the  submerged  valley^  the  original  Thalweg. 

The  author  regards  these  plateau  gravels  as  the  deposits  of 
Mercian  rivers,  whioh  flowed  through  the  gaps  in  the  present 
Ohalk  range,  suoh  as  those  of  Elsenham  and  Hitohin,  towards  the 
ancient  arterial  Tamisian  line  of  drainage  of  southern  England 
during  the  great  Miocene  elevation  of  north-western  Europe,  long 
before  the  present  escarpment  of  the  Chalk  was  formed,  and  there- 
fore before  the  initiation  of  the  Mercian  river-system,  as  it  exists 
to-day  with  its  convergence  towards  the  Wash  and  the  Humber. 
In  one  section  at  Stansted  a  fault  of  five  feet  throw  outs  through 
the  Chalk,  the  Beading  Beds,  and  the  stratified  gravels,  showing 
their  common  participation  in  later  earth-movements,  while  the 
<i}laoial  deposits  above  are  unaffected.  The  author  conceives  these 
well-stratified  and  indurated  gravels,  splendid  examples  of  which 
may  be  seen  at  Thorley  and  by  the  Hallingbury  road  on  the  opposite 
site  of  the  Stort,  to  be  the  deposits  of  a  river,  at  a  time  when  the 
now  buried  valleys  of  the  Stort  and  the  Cam  in  the  initiatory  stages 
of  their  erosion  formed  perhaps  one  continuous  channel,  and  before 
the  axial  movement  took  place,  which  has  had  much  to  do  with 
differentiating  the  present  Tamisian  and  Mercian  systems  of  river- 
drainage.  That  movement  probably  dates  from  the  close  of  the 
JSliocene  period,  the  corresponding  subsidences  to  the  north-west 
aod  south-east  of  the  axis  of  anticlinal  flexure  being  indicated  by 
the  ingress  of  the  sea  and  the  consequent  Crag  deposits  in  East 
Anglia  on  the  one  side,  and  by  the  northerly  dip  of  the  strata 
(with  perhaps  a  true  dip  to  the  north-west)  as  seen  in  the  cliffii 
at  Hunstanton  on  the  other  side.  This  latter  subsidence,  together 
with  the  recession  of  the  Chalk  escarpment  by  denudation, 
^letermined  probably  the  present  system  of  drainage  towards  the 
Wash  in  Pliocene  times.  The  nature  of  the  detritus  which  has 
buried  the  ancient  Stort  Valley  is  exhibited  at  the  present  time  in 
two  open  gravel- pit  sections  at  Stansted  on  a  magnificent  scale,  one 
on  either  side  of  the  valley,  the  section  in  the  largest  pit  showing 
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a  vertioal  faoe  of  forty  to  fifty  feet.  The  data  we  possess  in  the 
well-seotions  at  Elsenham  and  Bishop's  Stortford  show  a  gradient 
sloping  to  the  north  of  less  than  one  degree  between  those  two 
places,  a  distance  of  aboat  five  miles ;  the  presumed  reversal  of 
drainage  of  the  anoient  Cam  Valley  is  therefore  comparatively 
a  small  matter.  The  present  head-waters  of  the  Cam  and  the 
Stort  have  doabtless  been  determined  by  later  developments  in 
the  configuration  of  the  country.^  The  absence  of  all  traces  of 
Tertiary  marine  deposits  north  of  the  Mercian  Chalk  escarpment 
famishes  evidence  of  the  continental  elevation  of  north-western 
Europe  during  Miocene  time,  as  mapped  by  Professor  Zittel  in  his 
work  "A us  der  Urzeit."*  But  the  physiographical  agencies  of 
nature  were  not  suspended ;  and  rivers  gathering  their  head-water» 
from  a  much  higher  gathering-ground  to  the  north-west  than  exists 
to-day,  with  contours  of  the  land  over  the  Mercian  area  furnishing 
gradients  sufficient  to  keep  their  middle  courses  pretty  free  from 
detritus,  could  not  fail  to  do  their  work  in  laying  down  extensive 
stretches  of  shingle  on  the  northern  slopes  of  the  ancient  Thames 
Valley,  as  we  see  it  done  in  modem  times  by  the  floods  of  the 
Alpine  rivers  which  debouch  upon  the  plains  of  Bavaria  in  their 
course  to  join  the  upper  Danube. 

Taking  all  the  facts  together,  and  taking  into  account  the  further 
fact  that  observations  of  them  by  the  present  writer  for  the  last 
ten  years  and  by  other  observers  has  failed  to  detect  any  signs  of 
glaciation  in  these  stratified  gravels,  even  on  the  rolled  sarsen 
blocks  included  in  them,  it  seems  impossible  to  regard  them  by 
any  stretch  of  scientific  imagination  as  '  interglacial.'  It  will  he 
seen  that  the  author's  work  has  proceeded  on  lines  parallel  with 
that  of  Dr.  A.  E.  Salter  and  Mr.  Osborne  White,  and  leads  to 
similar  results.' 

The  differential  earth-movements,  which  culminated  in  the  Miocene 
continental  elevation,  may  be  traced  back  even  to  Eocene  time  by 
the  abundant  evidence  that  we  have  of  the  attenuation,  as  we  work 
northwards,  of  the  Middle  and  Lower  Bagshot  strata.  High-level 
stratified  gravels  of  a  type  differing  from  those  described  here  are 
found,  as  we  get  away  from  the  ancient  transverse  lines  of  drainage, 
composed  chiefiy  of  redistributed  pebbles  and  sand  of  the  Bagshot 
beds,  of  the  quondam  extension  of  which  northwards  we  have 
evidence  in  a  considerable  outlier  near  Sudbury  in  Suffolk;  but 
with  these  the  present  communication  is  not  intended  to  deal. 

This  short  paper  suggested  itself  as  an  addendum  to  the  admirable 
lecture  by  Dr.  J.  E.  Marr,  F.R.S.,  on  the  Geology  of  Cambridgeshire 
at  the  meeting  of  the  British  Association  at  Cambridge,  dealing,  as 
it  does,  with  a  district  only  a  few  miles  removed  from  the  county 
boundary,  physiographical  relations  being  more  important  to 
geologists  than  such  artificial  limitations. 

*  Fuller  details  are  given  by  the  present  writer  in  a  paper  read  before  the 
Geologists'  Association  in  1897  and  published  in  its  Proceedings,  vol.  xv,  Feb.,  1898. 

*  Publifthed  by  R.  Oldenbourg,  of  Munich. 

*  See  Proc.  Cfeol.  Assoc,  vol.  xiv,  Aug.,  1896 ;  vol.  xv,  Aug.,  1897. 
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IX. — On  Basic  Patches  in  the  Mount  Sobrel  Qbanitk. 
By  E.  H.  Rastall,  B.A.,  F.G.S. 

DUBING  a  visit  to  Mount  Sorrel  at  the  end  of  last  year  I  collected 
a  number  of  specimens  of  the  dark-coloured  patches  which 
are  so  common  in  the  granite.  I  have  had  about  a  dozen  of  these 
sliced,  and  an  examination  of  them  has  yielded  some  results  which 
seem  worthy  of  a  brief  description. 

These  dark  patches  vary  a  good  deal  in  character,  and  may  be 
divided  into  three  fairly  well-defined  types,  as  follows  : — 

(1)  Small  black  or  grey,  generally  angular  patches,  without 
porphyritic  felspars. 

(2)  Somewhat  larger  and  usually  ovoid  patches  of  a  brown  colour, 
generally  enclosing  felspars  of  porphyritic  habit. 

(3)  Kather  large  black  bodies,  distinctly  banded  and  often 
penetrated  by  parallel  veins  of  granite,  in  the  manner  usually 
described  as  lit-par-lU  injection.  These  have  an  obvious  outward 
resemblance  to  blocks  of  banded  or  bedded  rock. 

Corresponding  to  this  macroscopic  classification  are  distinct 
dififerenoes  in  the  microscopic  structure,  and  the  special  character 
of  each  type  may  be  shortly  described. 

Type  1.  The  patches  of  this  class  consist  essentially  of  felspar 
and  hornblende  with  only  a  little  interstitial  quartz.  The  felspar 
is  usually  a  plagioolase,  in  rather  narrow  lath-shaped  sections,  of 
the  habit  usual  in  basic  intrusive  rocks.  The  hornblende  also 
occurs  in  small  prisms,  and  is  often  chloritised ;  in  places  it  has 
a  distinctly  ophitic  character.  Near  the  centre  of  the  patch  these 
two  minerals,  with  a  very  little  quartz,  make  up  the  whole 
mass,  but  towards  the  outside  the  crystals  become  more  widely 
separated  and  are  enclosed  in  poecilitic  fashion  in  large  plates  of 
orthoclase  or  perthite.  These  are  often  continuous  with  the  felspars 
of  the  normal  granite.  It  is  very  noticeable  that  in  such  patches 
the  minerals  are  often  much  decomposed,  forming  'saussurite* 
chlorite,  epidote,  and  other  secondary  products,  while  the  normal 
granite  surrounding  them  is  very  fresh. 

Type  2.  Brown  patches  with  large  pink  felspars.  The  structure 
here  is  very  similar  to  that  just  described,  but  more  quartz  is  present ; 
the  quartz  is  interstitial,  and  in  parts  has  a  sort  of  pseudogranophyric 
appearance.  The  large  felspars  are  often  much  rounded  and  also 
sbow  internal  zones  of  corrosion. 

In  both  the  black  and  the  brown  patches  there  are  often  to  be 
seen  large  crystals  of  sphene  of  a  very  peculiar  habit.  The  sphene 
is  moulded  on  crystals  of  felspar,  etc.,  in  an  interstitial  manner,  and 
in  a  slice  numerous  disconnected  patches  extinguish  simultaneously 
over  a  large  area.  Sphene  of  this  kind  must  almost  of  necessity 
be  of  secondary  origin. 

Another  noteworthy  point  is  the  almost  total  absence  of  biotite 
in  the  dark  patches,  although  it  is  more  abundant  than  hornblende 
in  the  normal  rock. 
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This  part  of  the  subject  may  be  summed  up  bv  saying  that  both 
the  dark  grey  and  brown  patches  strongly  resemble  in  £eir  micro- 
scopic structure  certain  altered  rooks  of  the  kind  commonly  described 
as  Diabase,  and  if  taken  alone  they  would  be  most  accurately 
described  as  epidiorite. 

I  have  only  one  slice  of  the  banded  type  of  inclusion,  and  this 
differs  entirely  from  those  above  described.  It  consists  of  an 
aggregate  of  flakes  of  strongly  pleochroic  brown  biotite  and  grains 
of  magnetite,  enclosed  in  poecilitio  fashion  in  large  plates  of  felspar, 
which  at  the  margin  ai'e  continuous  with  the  felspars  of  the 
normal  granite,  l^ese  plates  are  of  Tariable  character— orthoolase, 
microoline,  or  more  commonly  plagioclase. 

This  is  obviously  something  very  different  from  the  cases  before 
described,  and  I  am  inclined  to  regfu*d  it  as  an  altered  slate  fragment 
caught  up  during  intrusion,  and  metamorphosed  by  the  granite. 

The  foregoing  brief  descriptions  show  that  these  dark  patches 
in  all  cases  possess  some  of  the  characters  of  a  metamorphic  rock, 
and  it  is  even  possible  to  form  an  opinion  as  to  what  the  original 
rook  may  have  been.  The  most  promising  case  is  what  has  been 
spoken  of  above  as  the  'diabase'  type.  In  these  the  absence  of 
biotite  is  sufficient  to  show  that  they  are  not  mere  centres  of  c(m- 
centration  of  the  basic  molecules  of  the  magma,  as  they  do  not 
consist  of  the  same  minerals  as  the  rest  of  the  rook  in  different 
proportions.    The  abundance  of  secondary  sphene  is  also  suggestive. 

I  therefore  conclude  that  the  dark  patches  in  the  Mount  Sorrel 
granite  are,  in  all  cases  yet  examined,  much  altered  fragments  of 
other  rocks  caught  up  by  the  magma  during  intrusion,  and  I  suggest 
that  it  is  possible  to  discriminate  to  a  slight  extent  between  those  of 
igneous  and  of  sedimentary  origin. 


X. — Rbokkt  Coast  Ebosioh  im  Suffolk  :  Dunwich  to  Govkhiths. 

By  John  Spillbb,  F.C.S.» 

rPHIS  communication  brings  up  to  date  the  record  of  losses  on  the 
1.  Suffolk  coast,  and  continues  the  report  presented  at  the  Ipswich 
Meeting,  1895,  of  which  details  were  published  in  the  Gsoix>gioaIi 
Maoazins  for  January,  1896.  Since  that  time  scarcely  a  year  has 
passed  without  the  winter  gales  and  high  tides  doing  mischief  at 
one  or  more  points  of  the  coast  embraced  within  the  above-mentioned 
limits ;  but  whilst  Lowestoft  and  Pakefield,  Covehithe  and  Easton 
have  all  suffered  very  considerably,  the  cliffs  at  Dunwich  remained 
until  quite  recently  almost  unaffected. 

The  losses  may  be  summed  up  as  follows : — 

DUMWICH. 

All   Saints   Church  ruins  and  graveyard, — The  43  feet  of  land 
^  Bead  befoie  the  British  AssociatioD,  Cambridge,  Section  G  (Geology),  A«g.,  1904. 
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reported  by  Hr.  Whitaker,  September,  1880,^  became  25  feet  by 
the  Director's  (Dr.  Teall's)  measurement  in  August,  1902.  Now 
all  gone,  and  about  6  feet  of  the  northern  buttress  of  the  cburdi 
<lropped  into  the  sea.    Total  loss,  31  feet  in  two  years. 

Footpath  at  Temple  Hill — At  same  date  Mr.  Whitaker  says, 
**  40  yards  outside  the  wood."  The  Director  in  1902  made  it 
^8  yards,  equal  to  114  feet.  It  has  now  diminished  to  59  feet. 
Actual  loss,  therefore,  55  feet  in  two  years. 

The  cliffs  extending  away  north  and  south  have  lost  more  than 
this  except  at  Misner.  The  lifeboat  at  the  Coastguard  Station 
•cannot  be  used  at  present,  for  moch  of  the  shingle  beach  is  gone 
and  the  boathouse  left  perched  on  a  terrace.  Ordinary  tides  reach 
the  foot  of  the  cliffs  and  further  losses  may  be  expected. 

Walbcbswiok. 

The  high  shingle  beach  is  cut  back  all  the  way  from  Dunwich 
to  the  mouth  of  the  river  Blyth. 

SOUTHWOLD. 

A  good  result  has  followed  the  lengthening  of  the  old  North  Pier 
at  the  Harbour  by  60  feet,  a  considerable  quantity  of  sand  and 
shingle  having  been  thrown  up ;  but  the  benefit  of  this  extension 
does  not  reach  to  the  Lifeboat  House,  which  is  practically  useless 
and  barricaded  for  further  protection.  It  has  been  suggested  that 
«n  additional  50  feet  might  be  built  on  to  the  pier,  and  that  the 
old  jetty  near  the  centre  cliff  should  be  reconstructed  with  perhaps 
an  intermediate  strong  groyne.  The  timber  breastwork  in  front 
of  the  town  has  stood  well  since  it  has  been  continued  to  Buss 
<]!reek  and  strengthened  at  critical  points  by  double  piling.  The 
new  pier,  880  feet  long,  erected  by  the  Coast  Development  Company 
^t  the  North  Cliff  has  acted  like  a  groyne,  and  vastly  increased  the 
width  of  beach  on  both  sides  of  it,  so  that  the  bathing  station 
threatened  with  destruction  in  1895  is  better  than  ever. 

Easton. 

The  low  land  extending  from  Buss  Creek  to  the  southern  slope 
of  Easton  Cliff  remains  as  before  protected  by  a  huge  bank  of 
shingle,  but  from  this  point  onward  to  the  Broad  great  losses  have 
occurred.  The  site  of  the  gun  battery  is  buried  out  at  sea,  with 
the  powder  magazine  behind  it  now  left  in  ruins  on  the  shore 
-50  feet  outside  the  present  edge  of  cliff.  The  rifle  range  has  been 
shortened  by  100  yards  and  a  new  butt  constructed,  so  that  the 
total  loss  may  be  estimated  at  350  feet  since  1895.  The  effect 
of  this  demolition  is  to  bring  Covehithe  Ness  prominently  into  view, 
whereas  it  was  formerly  almost  invisible  from  Southwold.  Another 
necessary  consequence  is  that  the  coastline,  straight  in  the  Ordnance 
Map,  has  once  more  become   curved  inwards,  corresponding  with 

>  See  Memoir  of  the  Geological  SoiTey,  **  Southwold  and  the  Suffolk  Coast,*'  by 
W.  Whitdter,  F.R.S.,  p.  48. 
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the  original  Sole  Bay.  The  seam  of  shelly  crag  at  the  foot  of 
Easton  High  Cliff  was  uncovered  a  year  ago  for  the  length  of 
40  yards,  but  is  now  entirely  hidden  by  masses  fallen  from  the  cliff. 
The  measures  of  loss  (nine  years)  are  as  follows  : — 

Easton  Cliff,  southern  end     350  feet 

Roadway,  Easton  Bavents     163     „ 

Easton  High  Cliff       77     „ 

COVEHITHE. 

Beyond  Easton  Broad  the  cliffs  leading  to  Covehithe  are  con- 
stantly presenting  new  faces  with  bright  yellow  and  pink  colouring, 
suggestive  of  Alum  Bay.  The  losses  would  probably  have  beea 
greater  but  for  ledges  of  hard  sand  rock  projecting  some  10  to 
12  feet,  and  acting  as  benches  for  the  support  of  the  upper 
strata.  At  Covehithe  roadway,  starting  from  the  hedge  and  diff^ 
barrier,  frequent  measurements  have  been  taken  since  1895,  showing 
gradual  diminution  in  length  from  62  yards  to  a  remnant  of  19  3'ard8. 
Total  loss  in  nine  years  =  129  feet.^ 


XI. — The  Qlaoiation  op  Holyhea.d  Mountain. 

By  Edwabd  Greenly,  F.G.S.* 

rpHE  bare  and  rocky  hill  known  as  Holyhead  Mountain  is  of 
X  considerable  interest  in  connection  with  recent  geological  events, 
standing  as  it  does  some  thirty  miles  out  from  the  highlands  of 
Carnarvonshire  into  the  Irish  Sea  Basin ;  and  in  such  remarkable 
isolation,  for  it  is  much  the  highest  of  the  five  hills  which  rise  above 
the  general  level  of  the  platform  of  Anglesey. 

Its  height  is  only  721  feet,  but  so  strongly  featured  is  it,  especially 
towards  the  west,  that  one  feels  the  term  'mountain'  to  be  na 
misnomer,  and  can  hardly  believe  it  to  be  really  lower  than  many 
of  our  smooth  wolds  and  downs  of  Oolite  and  Chalk.  Being 
composed,  moreover,  of  white  quartzite  (or  more  properly  of 
quartzite-schist),  and  being  so  bare  of  vegetation,  it  recalls  much 
more  vividly  certain  types  of  scenery  in  the  Scottish  Highlands 
than  anything  in  those  Welsh  mountains  that  one  sees  from  its 
sides.  Towards  the  east  it  slopes  at  a  moderate  angle,  but  a  little 
west  of  the  summit  it  is  traversed  by  a  very  strong  feature,  due  to 
a  fault,  running  nearly  north  and  south,  along  which  is  a  line  of 
great  crags,  facing  west,  and  prolonged  northwards  into  the  still 
greater  sea  cliffs  towards  the  North  Stack.  Beyond  this  the  land 
still  remains  high,  but  is  smoother  in  outline,  a  somewhat  softer 
series  of  rocks  extending  from  the  fault  to  the  South  Stack,  where 
the  high  moors  end  off  in  great  cliffs  above  the  sea. 

^  The  author's  communication  was  illustrated  by  maps  and  photographs,  and 
a  discussion  followed  as  to  the  best  means  of  artificial  protection. 
2  Read  before  the  British  Association,  Cambridge,  Section  G  (Geology),  Aug.,  1904. 
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The  whole  monntain  is  strongly  rubbed  and  moutonnie  on  the 
north-east  side,  every  boss  having  the  characteristic  outline.  (The 
outline  of  the  whole  mass,  indeed,  is  like  that  of  a  gigantic  roehe 
moutonnie.)  On  many  of  these  surfaces,  which  are  often  polished 
and  shine  in  the  sun,  the  hard  and  enduring  quartzite  still  retains 
fine  striaa,  while  towards  sunset  on  a  summer's  evening  they  can 
be  detected  almost  everywhere.  The  rooks  of  the  South  Stack 
series  have  not  retained  them  so  well.  The  general  direction  i& 
N.E.-S.  W.,  with  local  variations  and  deflections  ranging  from  S.  35"^  W. 
to  W.  40"^  S.  A  more  marked  deflection  is  S.  10"^  W.  near  the  flag- 
8ta£f  above  the  South  Stack.  On  the  South  Stack  itself  they  run 
S.S.W.,  fanning  out  to  south-west  on  the  slope  of  the  boss.  Along 
the  southern  slopes  of  the  mountain  they  tend  to  west  of  south-west. 

Striae  cross  the  summit  itself  running  S.  40^  W.  The  ridge  at  the 
summit  and  towards  the  North  Stack  fidls  steeply  westward  for  50  or 
100  feet  before  breaking  into  the  crag  and  sea-cliff  alluded  to  above, 
and  at  the  brow  of  this  vertical  cliff  the  rocks  are  still  polished  and 
traversed  by  stri»  running  in  the  usual  N.E.-S.W.  direction,  in  spite 
of  being  under  the  lee  of  some  50  or  100  feet  of  steep  rock. 

Undercut  furrows  have  not  been  observed  on  the  mountain  itself, 
but  it  may  be  worth  while  to  note  that  they  occur  at  Ffynnou 
Gorlas,  on  the  lower  ground  at  its  eastern  foot,  where,  also,  a  surface 
facing  south-west  and  overhanging,  as  much  as  40^,  and  in  one  place 
60^,  from  vertical,  is  rubbed  and  smoothed. 

The  mountain  proper  (excluding  the  South  Stack  moors)  is  very 
bare  of  drift,  but  a  little  till  occurs  in  the  hollows,  with  debris 
chiefly  from  the  eastward  so  far  as  yet  recognized.  Many  large 
boulders  of  the  quartzite  occur  on  the  South  Stack  moors. 

At  the  summit  are  many  small  fi-agments  of  the  well-known  green 
mica-schists  of  the  neighbourhood  of  the  town,  with  other  erratics. 
These  schists  do  not  occur  in  situ  at  a  greater  elevation  than  about 
220  feet ;  and  in  the  direction  from  which  the  8tri»  indicate  ice- 
movement,  not  more  than  100  feet  The  fragments  have  therefore 
been  lifted  500  feet  at  least,  and  almost  certainly  600  feet,  during 
their  journey. 

Although  it  has  long  appeared  to  me  that  we  have  much  to 
learn  from  research  in  Arctic  and  Antarctic  lands,  and  cannot  hope 
yet  to  be  able  to  explain  many  of  the  glacial  phenomena  of  the  past, 
yet  a  group  of  facts  like  these  of  Holyhead  seem  to  be  more  easily 
explained  by  the  passage  of  land -ice  than  by  any  other  hypothesis. 

The  general  direction  of  glaciation,  it  may  be  observed,  is  parallel 
to  that  of  the  mainland  of  Anglesey  so  far  as  I  have  yet  examined  it. 

In  conclusion,  there  are  some  banks  and  mounds  on  both  sides 
of  the  mountain,  the  most  marked  being  on  the  south-west  side, 
which  have  much  of  the  appearance  of  moraines ;  and  are,  moreover, 
so  far  as  I  can  make  out,  composed  almost  exclusively  of  quartzite 
debris.  It  would  be  interesting  if,  in  spite  of  the  comparatively 
slight  elevation,  one  or  two  small  local  glaciers  had  lingered,  or 
perhaps  for  a  short  time  formed,  upon  this  exposed  and  lonely  hill. 
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F.  W.  Farmer.— The  Great  Eastern  Glacier.     (See  p.  509.) 
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Professor  P.  F.  Kendall, — Report  of  the  Committee  on  Erratio  Blocks. 
Professor  R,  BOekstriim.'^On  the  Origin  of  the  Great  Iron  Ore 
Deposits  of  Lappland. 

A,  Marker,  F.B,S. — Exhibition  of  specimens  of  Tertiary  Plutonia 
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fi.  H.  BastalL^BaBio  Patches  in  Mount  Sorrel  Granite.    (See  p.  601.) 

L.  J.  Spencer. — On  the  different  modifications  of  Zircon. 

B.  H.  Solly, — A  preliminary  description  of  three  new  Minerals  and 
some  curious  Crystals  of  Blende  from  the  Lengenbach  Quarry, 
Binnenthal. 

Professor  K,  Busz, — On  the  Granite  from  Gready,  near  LuxuUian  in 

Cornwall,  and  on  some  Contact  Rooks. 
A.   W.  Dwerryhouse.^Re^oTt  of  the  Committee  on  Underground 

Waters  of  North- West  Yorkshire. 
Professor  P.  F.  Kendall — Exhibition  of  a  Model  of  the  Cleveland 

Area,  showing  Glacier-lakes. 
Bev,  W.  Lower  Carter. — On  the  Glaciation  of  the  Don  and  Deame 

Valleys. 
R  N.  Davies. — On  the  Discovery  of  Human  Remains  under  Stalag- 
mite in  Gongh's  Cave,  Cheddar,  Somerset. 
Dr.  Seharff  and  O.   W.  Lamplugh. — Report  of  the  Committee  ta 

Explore  Irish  Caves. 
J.  Parkinson. — The  Geology  of  the  Oban  Hills,  Southern  Nigeria. 
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W.    O.   Feamsides  and   B.  H.   BastaU.  —  On   Boulders   from  the 
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Bev.  Dr.  Irving. — On  Stratified  High-level  Gravels  and  their  Relation 
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B.  T.  Gunther. — Ohanges  of  Level  on  the  Italian  Coasts. 

B.  H>  Yapp. — Vegetation  featores  of  the  Fen  District. 

H.  T,  OWiam.— Changes  in  the  Fen  District. 

Dr,  Vaughan  ComtBh, — Eeport  of  Committee  on  Terrestrial  Surface 

Waves. 
Dr,  Tempest  Anderson.^The  Lipari  Islands  and  their  Volcanoes. 
A,  W.  Andrews, — A  Geographical  Ohjeot-lesson  :  Passes  of  the  Alps. 

Sub-Section  of  Anthbopoobapht. 
Professor  A.  Macalistbr,  F.R.S.,  Vice-President,  in  the  Chair. 

Dr.   Valdemar  Schmidt.  —  The  Latest  Discoveries  in  Prehistoric 

Science  in  Denmark. 
Miss  Nina  F.  Layard, — Further  Excavations  on  a  PalsBolithio  site  at 

Ipswich. 
Report, — The  Lake-Village  at  Glastonbury. 

Section  K. — Botany. 
Francis  Darwin,  M.A.,  M.B.,  F.R.S.,  President. 

Dr.  D,  n,  Scott,  RR.S.—k  New  Type  of  Sphenophyllaceous  Cone 
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II.  —  The    Geology    op    Cambridgeshire.      By    J.    E.    Marr, 
ScD.,  F.R.S.,  Pres.  Geol.  Soc.» 

rpHE  main  physical  features  of  the  county  are  the  Chalk  uplands 
JL  of  the  south-eastern  and  southern  part,  the  curious  platean 
on  the  west,  the  Cam  Valley  between  them,  and  the  fenland  of 
the  north. 

Of  Jurassic  rocks,  the  Oxford  Clay  is  not  well  exposed  save  near 
Whittlesea.  The  Corallian  rocks  are  of  considerable  interest  Two 
types  occur— the  Ampthill  Clay  facies  of  the  western  outcrop  and 
the  Calcareous  facies  of  the  Up  ware  Inlier.  The  Els  worth  rock 
forms  the  base  of  the  deposits  of  each  of  these  types,  and  its 
relationship  to  the  members  of  the  Calcareous  facies  is  a  subject 
still  under  discussion.  The  Upper  and  Lower  Kimeridge  Clay  are 
found  at  Ely  and  in  the  neighbourhood  of  that  city. 

Of  Cretaceous  rocks  the  Lower  Greensand  is  well  seen  near 
Gamlingay.  The  old  phosphate  workings  of  Wicken  are  now  closed. 
The  Gault  is  seen  in  many  exposures.  Most  of  the  sections  exhibit 
Lower  Gault,  but  Mr.  Fearnsides  has  recently  detected  the  Upper 
Gault  in  the  Barnwell  brick-pit.     The  basal  member  of  the  Chalk, 

^  Abstract  of  paper  read  before  the  British  Association,  Cambridge,  Section  G 
(Geology),  August,  1904. 
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the  well-known  Cambridge  Greensand  pbosphatio  seam,  lies  unoon- 
formably  upon  the  Gault.  It  is  suooeeded  by  various  divisions  of 
the  Chalk  up  to  the  zone  of  Micranter. 

The  glacial  deposits  consist  oliiefly  of  the  Chalky  Boulder-day ; 
the  great  boulder  at  Ely  is  also  of  interest 

Ttie  Pleistocene  gravels  include  the  plateau  gravels  on  the  Chalk 
hills  and  the  well-known  mammaliferous  gravels  forming  terraces  on 
the  valley-sides.  The  March  marine  gravels  are  usually  correlated 
with  the  gravels  of  one  of  these  terraoes. 

Alluvium  is  found  on  the  valley-bottoms,  and  in  the  fenland  peat 
occurs  with  intercalated  patches  of  Scrobicularia  clay.  The  peat 
contains  the  fauna  of  Neolithic  and  later  times. 


III.  —The  Grbat  Eastbbn  Glaoibb.     By  F.  W.  Habmbb,  F.G.S.* 

THIS  name  is  proposed  for  the  great  ice-stream  the  moraine 
of  which,  the  Chalky  Boulder-clay,  covers  an  area  of  more 
than  5,000  square  miles  in  the  east  of  England,  frequently  attaining 
a  thickness  of  more  than  100  feet. 

As  far  back  as  1858,  Trimmer,  a  pioneer  in  glacial  investigation, 
pointed  out  that 'the  county  of  Norfolk  had  been  twice  invaded 
by  ice,  first  from  the  North  Sea  and  then  from  the  west,  the 
resulting  detritus  in  the  one  case  being  characterised  by  igneous 
blocks,  some  of  them  of  Scandinavian  origin;  and  in  the  other 
by  a  predominance  of  Jurassic  material.  The  first  invasion  is 
represented  by  the  Cromer  Till  and  the  Contorted  Drift  of  the 
Norfolk  coast ;  the  second,  by  the  Chalky  Boulder-clay,  the  subject 
of  the  present  paper,  which  does  not  occur  in  north-east  Norfolk. 

The  region  covered  by  the  latter  deposit,  which  extends  over 
a  great  part  of  the  eastern  counties  of  England,  has  a  palmate 
outline,  its  lobes,  which  radiate  from  the  great  depression  of  the 
Lincolnshire  and  Cambridgeshire  Fens,  being  of  unequal  length. 
The  latter  region  was  not  only  the  centre  whence  the  Chalky  Boulder- 
clay  of  the  southern  part  of  the  area  was  distributed,  but  also  the 
quarry  out  of  which  was  excavated  most  of  the  enormous  mass  of 
Jurassic  material  of  which  the  matrix  of  this  deposit  is  so  largely 
composed. 

The  present  physiographical  features  of  the  east  of  England 
resemble,  more  or  less,  those  which  obtained  in  Glacial  times,  the 
Drift  deposits  not  only  covering  the  plateaux  between  the  valleys 
in  which  the  rivers  of  the  district  now  run,  but  descending  into 
them,  sometimes  to  below  sea-level.  Hence  by  the  study  of  the 
existing  oontours,  aided  by  that  of  well-borings,  it  is  possible  to 
obtain  a  general  idea  of  the  pre- Glacial  topography  by  which  the 
movements  of  the  ice  must  have  been  determined  or  influenced. 

Although  the  erratics  of  the  Chalky  Boulder-clay  are  more  or  less 
of  a  similar  character  over  a  wide  area,  indicating  that  it  was 
distributed  from  a  common  centre,  the  predominant  character  of  its 

^  Abstract  of  paper  read  before  the  British  Assosiation,  Cambridge,  Section  C 
<Geology),  August,  1904. 
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detritus  varies  in  di£feretit  districts,  in  aooordanoe  with  that  of  the 
strata  over  which  the  ice  had  moved.  The  matrix  of  the  Boulder- 
clay  of  South  Norfolk  and  North  Suffolk,  for  example,  has  beeu 
largely  derived  from  the  Kimmeridge  Clay.  Over  this  region, 
which  formed  in  Glacial  times  a  shallow  trough  running  east  and 
west,  corresponding  with  the  present  depression  of  the  basins  of 
the  Little  Oase  and  the  Waveney,  as  well  as  with  the  gap  in  the 
Ohalk  escarpment  between  Swaffham  and  Newmarket,  the  ioe- 
evidently  poured  in  great  volume,  planing  down  the  surface  of  the 
Chalk  and  carrying  its  Kimmeridgian  material  fifty  miles  to  the 
east  from  its  original  source  in  the  Fen  basin.  On  the  other  hamU 
although  the  Fen  ice  was  sufficiently  thick  to  enable  it  to  overflow 
the  Chalk  hills  between  Newmarket  and  Boyston,  it  only  travelled 
tbenoe  to  the  south-east  for  about  half  that  distance.  In  this  region 
the  Boulder-clay  is  chalky  near  the  escarpment,  while  beyond  the 
outcrop  of  the  Liondon  Clay  it  is  mainly  composed  of  detritus  from 
that  formation. 

Along  the  basin  of  the  Ouse,  where  its  matrix  is  largely  Oxfordian, 
the  ice  to  which  it  was  due  advanced  much  further,  to  Buckingham 
and  beyond,  as  it  also  did  along  that  of  the  None,  in  the  direction 
of  Northampton,  where  Liassic  debris  is  common.  On  the  contrary, 
the  high  land  near  the  head  waters  of  the  Welland  obstructed  the 
ice-flow,  so  that  but  little  Boulder-clay  seems  to  have  found  its  way 
tnto  the  area  comprised  in  Sheet  53  of  the  Ordnance  map.  Tlie 
greater  part  of  Sheet  63.  however,  is  covered  by  it,  and  it  there 
reaches  an  elevation  of  730  feet  above  the  sea-level.  Much  of  the 
Boulder-clay  of  this  region,  in  the  author's  opinion,  was  due  to  the 
ice-stream  of  the  Trent  Valley,  having  been  piled  up  upon  the  high 
land  to  the  east  of  Leicester  by  the  pressure  of  ice  descending  from 
the  Pennines. 

It  seems  probable  that  the  whole  of  the  low-lying  region  between 
the  Lincolnshire  Wolds  and  the  Pennines  was  filled  with  ice  during 
the  period  of  maximum  glaciation.  It  is  not  physically  possible 
that  any  considerable  thickness  of  ice  could  have  existed  on  one 
side  only  of  the  Lincolnshire  ridge,  which  does  not  often  exceed  an 
elevation  of  about  200  feet  above  the  lower  ground  adjoining  it. 

The  author  hopes  to  make  the  ultimate  source  of  the  Clialky 
Boulder-clay  ice  the  subject  of  a  future  paper.  The  prevalence  of 
Carboniferous  d6bris  in  the  East  Anglian  region  seems  to  indicate^ 
however,  that  a  part  of  it  at  least  was  of  Pennine  origin ;  another 
part  may  have  been  due  to  an  overflow  from  the  North  Sea  across 
the  lower  part  of  the  Chalk  Wolds,  and  the  ice  may  also  have  been 
reinforced  by  the  abundant  precipitation  to  which  this  district  was 
subject  during  the  Glacial  period;  the  moisture-bearing  cyclonio 
disturbances  from  the  Atlantic,  to  which  the  enormous  accumulation 
of  ice  in  the  Baltic  region  was  due,  must  have  passed  near  the 
eastern  counties  of  England.  There  is  no  evidence  to  show  that 
any  considerable  amount  of  ice  entered  East  Anglia  through  the 
Wash  gap  during  the  Chalky  Boulder-clay  period,  all  the  facts 
known  to  the  author  appearing  to  point  in  an  opposite  direction. 
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IV. — Ov  ▲  Gbbat  Dbpth  of  IXbift  jm  thb  Vallby  or  thb  Stoub. 
By  W.  WmTAxxBp  F.B.&^ 

SEYEBAL  oases  of  great  irregalarifies  in  the  thiokness  of  the 
Drift  have  been  shown  by  borings  in  Suffolk^  and  the  existenoe 
of  deep  channels  filled  with  Drift  has  been  practically  proyed,  as 
also  in  the  neighbomring  oosnties  of  Essex  and  Norfolk.  In  some 
oases  these  channels  cannot  be  shown  on  the  map,  the  Glacial  Drift 
being  hidden  by  deposits  of  later  age,  and  this  is  markedly  the  case, 
in  the  upper  part  of  the  valley  of  the  Cam,  where  at  one  place 
(Newport)  the  Drift  has  been  pierced  to  the  depth  of  840  feet 
without  reaching  the  bottom. 

In  Sa£Eblk  the  greatest  amount  of  Drift  recorded  is  at  Brettenham 
Park,  where  apparently  a  thickness  of  312  feet  has  been  found. 
But  this  and  all  other  records  in  East  Anglia  are  now  put  into  the 
shade  by  the  result  of  a  boring  near  Glemsford  railway  station. 
This  is  at  a  low  level  in  the  valley  of  the  Stour,  in  the  tract  formed 
by  the  sand  and  gravel  that  crop  out  from  beneath  the  Boulder-clay 
of  the  higher  ground.  Here  one  would  have  expected,  perhaps, 
some  50  feet  of  Drift,  bat  certainly  not  more  than  100.  No  less 
than  477  feet  have  be^  passed  through  before  reaching  the  Chalk. 

The  gravel  and  sand  that  form  the  surface  reached  to  a  depth  of 
51  feet,  as  might  have  been  expected ;  but  then  the  unexpected 
occurred,  no  less  than  228  feet  of  Boulder-clay  (partly  sandy)  having 
been  found,  with  a  mass  of  sand  and  clayey  sand  beneath. 

We  seem  here,  then,  again  to  have  evidence  of  a  very  deep  Drift- 
filled  channel.  A  well  in  the  village,  at  a  higher  level,  has  reached 
Chalk  after  passing  through  120  feet  of  Drift ;  so  the  channel  does 
not  reach  far  northward,  nor  does  it  reach  to  Foxearth,  in  Essex, 
about  a  mile  to  the  south,  where  there  is  a  still  less  thickness  of 
Drift.  As  to  its  direction  or  extent,  however,  we  can  say  little 
as  yet. 

One  may  add  that  a  boring  (?  unfinished)  in  Euston  Park  has 
proved  over  150  feet  of  Drift,  at  a  spot  where  no  Drift  is  shown  on 
the  map.    This  may  be  simply  a  huge  pipe. 


V. — SoMB  Cambbidobshibb  Wblls.    By  W.  Whitakbb,  P.B.S.' 

SINCE  the  publication  of  the  latest  Qeokgioal  Survey  memoir 
dealing  with  the  county  further  records  of  nineteen  additional 
well-sectionB  at  sixteen  plaoes  have  been  obtained. 

These  vary  in  depth  from  40  to  284  feet,  and  pass  through  various 
formations  from  Drift  to  Lower  Qreensand.  None  have  any  spedal 
interest ;  but  the  whole  forms  a  useful  addition  to  our  knowledge  of 
the  geology  and  water-supply  of  the  county. 

*  Abstract  of  paper  read  before  the  British  Assooiatioii,  Cambridge,  Section  C 
(Geology),  August,  1904. 
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VI. — BeFOBT    of    the    OOHMITTEI    TO     IHVBSTiaATB     THE     FoSSILI- 

FEB0U8    Deposits    at    Eirhinotom,    Linoolnshibe,    and    at 

VABI0U8     localities     IN     THE     EaST     RiDIMO     OF     YOBKSHIBB. 

Chairman,    Mr.  G.    W.   Lampluoh  ;    Secretary,    Mr.   J.    W. 
Statheb.^ 

IT  has  only  been  found  possible  daring  the  present  year  to 
complete  the  investigation  of  the  deposits  at  Kirmington  and 
Great  Limber;  but  it  is  hoped  in  the  future  to  extend  operations  to 
Bielbecks  and  several  other  sections  that  require  further  elucidation. 

Kirmington  Section, 

The  work  on  this  important  section,  which  was  begun  last  year, 
has  now  been  canied  to  a  successful  conclusion ;  and  the  results 
show  that  in  some  respects  this  section  has  no  known  parallel  in 
English  drift  sections.  It  will  be  remembered  that,  as  described 
in  last  year's  report,  a  brickyard  is  worked  at  this  place  in  a  mass 
of  warp  or  clay  containing  estuarine  shells,  with  a  fresh-water  bed  at 
its  base,  and  that  this  deposit  is  overlain  by  a  bed  of  coarse  flinty 
shingle,  above  which  in  one  part  of  the  pit  there  is  found  a  few  feet 
of  red  stony  clay  believed  to  be  a  boulder-clay.  The  boring  last 
year  proved  the  presence  of  a  glacial  day  at  some  depth  beneath  the 
warp.  The  chief  object  of  our  investigation  has  been  to  discover 
the  relationship  of  the  fossiliferous  warp  to  the  Glacial  Series,  and 
to  carry  the  boring  through  the  superficial  deposits  to  the  chalk, 
which  was  not  reached  last  year. 

During  June  of  the  present  year  a  new  boring  was  carried  out 
under  the  personal  supervision  of  the  Chairman  and  Secretary,  with 
the  assistance  of  Mr.  G.  W.  B.  Macturk.  Mr.  Yilliers,  well  engineer, 
of  iBeverley,  undertook  to  put  down  the  boring,  and  the  Committee 
desire  to  express  their  indebtedness  to  him  for  the  ready  manner  in 
which,  at  considerable  personal  inconvenience,  he  met  their  wishes 
as  to  the  time  and  conditions  of  the  work. 

In  order  to  secure  a  section  in  another  part  of  the  pit,  the  site  of 
the  new  boring  was  fixed  at  a  point  80  yards  north-east  of  last 
year's  boring.  Although  at  the  spot  chosen  the  warp  used  for 
brickmaking  had  been  excavated  to  a  depth  of  5  feet  below  the  level 
of  its  base  at  the  former  site,  this  material  was  passed  through  in 
the  new  boring  to  a  further  depth  of  3  feet,  so  that  its  base  is  here 
8  feet  below  its  position  in  the  former  boring.  The  total  depth 
attained  by  the  new  boring,  combined  with  the  height  of  the  open 
section,  was  96  feet,  or  41  feet  lower  than  was  reached  last  year. 
The  surface  of  the  chalk  lay  much  deeper  than  was  anticipated,  and 
the  borings  seem  to  prove  that  the  surface  features  of  the  locality 
are  not  due  to  the  presence  of  chalk,  as  hitherto  supposed,  but  that 
the  rising  ground  has  been  formed  by  the  erosion  of  a  thick  and 
complex  mass  of  drift. 

'  Abstract  of  paper  read  before  the  British  Association,  Cambridge,  Section  C 
(Geology),  August,  1904. 
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The  diameter  of  the  second  boring  was  at  first  4  inches,  narrowing 
to  3  inches  at  a  depth  of  15  feet  It  was  foand  necessary  to  line  the 
boring  with  the  tubes  thronghont. 

The  section  seen  in  the  brickyard  and  proved  in  the  borehole  was 
as  follows : — 

ft  in. 

Surface  soil  (at  95  feet  above  O.D.) 1  0 

Clay  with  foreign  stones  (see  Notb  A)        4  0 

Well-worn  shingle,  principally  of  battered  flints 8  0 

Laminated  warp  with  estnarine  shells,  and  at  its  betse  a  thin  seam 
of  peat  associated  with  a  sandy  warp  containing  fresh-water 

shells  in  one  part  of  the  pit  (see  Notb  B)        18  6 

Clean  yellow  sand,  with  pebbles  of  chalk  and  flint 4  9 

Red  clay  passing  downwards  into  tough  reddish-brown  clay          ...  7  6 
Purple  clay,  streaked  with  silt  and  loam,  passing  downwards  into 
totigh  purple  clay  with  small  stones,  including  some  erratics  (see 

NotbC) 10  6 

Stoneless  purple  clay 5  0 

Stoneless  yellow  clay 6  0 

Flinty  gravel 4  6 

Yellow  clay  and  loam  with  smdl  drift  pebbles        6  0 

Yellow  sand,  full  of  well-rounded  quartz  grains  and  specks  of  chalk  8  0 

Yellow  sand  and  laminated  clay        4  0 

Tough  compact  bluish-grey  or  lead-coloured  clay,  with  a  few  small 

foreign  pebbles  (see  Note  D) 6  3 

Tough  yellow  clay  streaked  with  chalk        1  0 

Solid  chalk  and  flint 3  0 


Total        96    0 

Note  A. — Among  the  erratic  stones  which  this  day  contains  the  following  were 
identified :  basalt,  porphyrites,  rhomb-porphyry,  grits,  etc. 

Note  B. — Mr.  Clement  Beid  recorcb  from  this  bed  Serohieularia  piperata,  JRiasoa 
ulva,  Tgllina  balihiea,  Cardium  edule^  Maetra  subtruneata,  MytiUu  edulit,  and 
abundant  Foraminifera  (see  Mem.  Geol.  Survey,  Holdemess,  p.  58). 

Note  C— In  general  appearance  this  clay  resembles  the  Pi^le  Clay  of  Holdemess. 
Amon^  the  pebbles  washed  out  of  30  lb.  of  the  clay  brought  up  by  me  augre,  chalk 
and  flmt  greatly  predominate,  but  tiie  following  rocks  were  also  represented : 
red  chalk,  black  mut,  Spilsby  sandstone,  ferruginous  pebbles,  quartz,  basalt,  and 
porphyrites,  besides  many  undeterminable  small  pebbles. 

Note  D.— This  clay  is  hard  and  tough,  and  very  different  from  A  and  C  both  in 
texture  and  colour.  It  resembles  in  colour  the  Basement  Clay  of  Holdemess. 
The  pebbles  are  smaller  in  size  than  in  C,  and  there  is  a  still  higher  proportion  of 
chalk  and  flint.  Among  the  erratic  pebbles  the  following  are  recognizable :  basalt, 
porphyrite,  sandstone,  black  flint,  grit,  quartz,  etc. 

Mr.  Reid  has  examined  the  plant  remains  obtained  by  the 
Committee  from  the  band  at  the  base  of  the  warp,  and  reports  as 
follows : — '*  The  plant  remains  obtained  by  Mr.  Stather  from  the 
peaty  warp  belong  to  the  following  species  : — 

Ranuneulua  scelerattis^  linn.  AtripUx  P 

Eupatorium  cannabinum,  linn.  Zanniehellia  pedtmeulata^  Beichb. 

Aster  Tripolium^  Linn.  Scirpus  setaeeus^  linn. 

Lapsana  cotnmunis,  linn.  i,      maritimus,  Linn. 

Mentha  aqttaticay  Linn.  ,,      sp. 

Labiate  (much  crushed)  Carex  incwrva,  lightf. 

"  The  list  is  a  small  one,  but  it  indicates  estuarine  conditions,  and 
suggests  a  sub-arctic  climate.  With  one  ezoeption  the  plants  are 
still  to  be  found  in  the  neighbourhood  of  the  Hum  her ;  but  one  of 
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^batn*  Ckm99  imetttva,  U  a  aeapooatt  ted^  not  now  ranging  aouth  of 
Holy  hi: 

**  A  atriking  peouliaritj  of  the  deposit  is  the  abundant  remaiiis  of 
<)mi  eatnarine  aedge,  Beirpm  mariHmm,  a  plant  which*  growing  oat 
of  a  few  inohes  of  water,  tends  to  form  a  thiok  belt  throng^  v^hlcb 
few.  Arifled  seeds  woald  find  their  way.  In  view  of  the  abondanoa 
of  this  sedge  in  the  bed  now  examined  and  of  the  like-growing  reed, 
PhrofmiteB  commumi,  in  the  deposit  which  I  searched  some  y^ears 
ago,  the  small  number  of  other  plants  yet  detected  is  not  sorpriatn^. 
lland  plants  aie  only  represented  by  two  fruits  of  Zopsaiia,  perhaps 
brought  by  birds.  TheBe  fruits  of  Lapiona,  as  well  as  those  of  the 
sea-aster,  are  considerably  smaller  than  my  recent  specimens,  bot 
I  have  not  yet  had  aa  opportunity  of  comparing  them  with  fruits  of 
the  same  species  near  tWr  northern  limit." 

From  the  fresh-water  shell-bed  associated  with  the  peat,  Mr.  E.  T. 
Newton  has  determined  Planorbti  spirorhii,  Biihyma  tentaetdata,  witb 
probably  Candona  (an  {Jntomostracan). 

Oreai  Limber  SecUan. 

A  boring  was  also  put  down  under  the  supervision  of  Mr.  G.  W.  B. 
Macturk,  who  kindly  undertook  to  aid  the  Committee  in  this  manner, 
at  the  Great  Limber  brickyard,  three  miles  south-east  of  Eirmington, 
where  there  is  a  further  development  of  warp  and  sand,  believed 
by  ftr.  0.  Beid  to  be  of  the  same  age  as  the  Eirmington  deposit, 
though  no  fossils  have  been  found  in  it  The  section  seen  in  tho 
brfelqrard  and  proved  in  the  boring  was  as  follows : — 

Sarfaoe  soil  and  dav  with  stones  (at  110  feet  aboye  O.D.) 
Loamy  sand  contorted  and  mixed  with  warp 

Laninated  bine  waip  with  sandy  streaks 

Pan 

Current-bedded  sand         , 

Sharp  wffld  ... 

Flin^  sand,  aod  ronnded  ohaJk  pebbles 

Solid  ohalk  with  flints        

Total        

In  comparing  this  section  with  the  one  at  Eirmington  it  should 
be  noted,  (1)  that  no  shells  have  been  found  in  the  laminated  warp 
at  Limber ;  (2)  that  the  warp  does  not  rest  on  glacial  days ;  and 
(8)  that  the  base  of  the  Limber  warp  is  92  feet  above  O.D.,  or  28  feet 
higher  than  that  of  Eirmington. 

It  would  be  premature  to  discuss  the  problems  raised  by  these 
interesting  sections  until  the  work  of  the  Oommittee  has  been  carried 
further.  For  the  present,  therefore,  we  desire  only  to  record  the 
data  thus  far  obtained. 

The  thanks  of  the  Oommittee  are  due  to  lir.  W.  H.  Orofts  and 
Mr.  O.  W.  B.  Haoturk  for  practical  help  in  many  ways ;  also  to  the 
Earl  of  Tarborough  (landlord),  E.  P.  Hankey,  Esq.  (agent),  and  the 
occupiers  of  the  brickyards — Mr.  Hervey  and  Mr.  John  Housan — 
for  permission  to  put  down  the  borings. 
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Vn.— Qbolooy  and  Aqmoultubi.    By  F.  J.  Buxumrt,  F.G.S. 

£Abxidged  from  article  eontrilmted  to  the  Xoful  ^a#fi<i' JZMOftf  (Avrat  20th»  lf04) 
on  the  luee  to  which  Ordnance  Maps  might  be  put  for  Estate  Keoords.] 

MnOH  valuable  informattion  is  loet,  both  to  the  landowner  and 
fanner,  to  say  nothing  of  the  geologist,  for  want  of  recording 
it  at  the  time.  How  often  is  land  drained  and  no  reooid  madS 
of  the  soil  turned  out,  and  the  courses  of  the  drains  not  laid  down 
on  the  estate  maps?  Post-boles  and  excavations  of  all  kinds  atli 
made  and  no  record  kept  at  the  time.  And  yet  how  easy  to  |>nt 
all  these  down  on  the  map  itself,  a  record  for  aU  future  time,  atid 
oonstantly  under  the  eye  of  the  owner  and  occupier.  The  map 
itself,  the  back  as  Well  as  the  front,  is  most  obviously  the  prop^ 
place  for  these  notes.  Yet  how  very  few  persons  use  these  maps 
in  this  way. 

Scotch  farmers  seem  to  succeed  in  England  where  odr  farmers 
cannot,  and  why  is  this  ?  One  mat  reason  is  that  they  are  fitt 
more  systematic  than  ours  are,  ana  they  record  the  results  of  eacb 
field  year  bv  year. 

Let  us  take  the  case  of  a  person  purchasing  an  estate.  To  a  largd 
extent  he  would,  in  a  usual  way,  be  very  much  in  the  dark  as  to 
the  real  nature  of  the  property  he  had  purchased.  He  would,  of 
course,  have  all  the  information  the  seller  could  afford  him,  and 
that  would  vary  very  much  according  to  the  way  in  which  the  estate 
had  been  managed.  He  might  be  able  to  obtain  1  in.  or  even  6  in^ 
maps  of  the  Oeological  Survey,  both  Solid  and  Drift,  with,  in  many 
cases,  the  accompanying  memoirs ;  and,  according  as  he  was  able 
to  understand  them,  they  would  give  him  much  or  little  information. 
Yet  to  most  this  would  be  of  a  superficial  or  vague  nature  on  many 
points,'and  perhaps  could  not  give  the  details  most  useful  to  him. 
^ut  if  he  had  followed  the  plan  adopted,  I  believe,  in  the  best 
estate  ofSoes,  the  25  in.  Ordnance  maps  would  have  been  used,  atid 
on  these  maps  all  the  divisions  of  the  fields  would  have  been  marked 
at  the  time  the  survey  was  made,  and  the  estate  maps  would,  no 
doubt,  have  been  brought  up  to  date  by  marking  on  them  any 
alteration  subsequently  made.  There  would,  no  doubt,  be  a  sohedub 
of  the  amount  of  arable  and  pasture  and  woodland,  with  the  kind 
of  trees,  water,  and  roads,  and  there  might  be  a  rough  cBviston  of 
the  soil  into  heavy  and  light 

SaiL — Now,  let  us  suppose  that  the  late  owner  had  made  these 
maps  in  the  way  this  paper  suggests.  Say,  that  on  each  field 
division  be  noted  the  nature  of  the  soil  and  subsoil,  whether  clay, 
sand,  loam,  gravel,  chalk,  etc.,  and  the  qualifying  character  of  these. 
Of  course  difficulties  would  arise  as  to  how  this  information  could  be 
obtained.  Here,  then,  I  would  suggest  that  a  visit  should  be  paid 
to  the  Geological  Survey  Office  to  ascertain  what  information  was 
available.  As  a  very  useful  preliminary  to  this  visit,  trial  holes,  or 
trenches  preferably,  could  be  dug,  especially  in  the  pasture  lands,  so 
that  the  subsoil  could  be  exposed.  In  this  way  a  kind  of  soil  map 
could  be  made  and  recorded  on  the  map  or  scli^ule  accompanying 
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it.  Field  names  should  also  be  noted,  with  their  oldest  and  latest 
ways  of  spelling  these,  with  the  dates. 

WeU$. — These  should  be  all  marked  on  the  map,  whether  in  us& 
or  not,  and  all  measured,  and  their  total  depth  given,  and  that  of 
the  water  and  the  variation  of  this,  and,  where  possible,  a  record 
of  the  soils  and  subsoils  met  with  when  this  well  was  sunk  and 
the  name  of  the  sinker. 

Springs, — All  these  should  be  marked,  and  their  variations  and 
highest  point  in  any  special  year,  going  as  far  back  as  possible. 

Quarries. — All  these  should  be  noted,  and  characters  recorded 
on  the  map. 

Pits. — Where  old  pits  exist,  often,  of  course,  grown  over,  it  will 
be  found  of  the  utmost  importance,  where  all  record  has  been  lost, 
that  they  should  be  cleared  and  their  true  character  ascertained. 

Drains. — Now,  perhaps,  the  most  important  detail  has  been  left 
to  the  last  I  am  informed  that,  in  most  cases,  where  land  has 
been  drained  the  courses  of  the  drains  have  not  been  laid  down 
on  the  estate  maps,  so  that  very  often  much  of  the  money  thua 
expended  has,  for  practical  purposes  in  after  years,  been  lost,  and 
where  the  drains  have  ceased  to  work  much  time  and  expense  have 
been  incurred,  sometimes  to  no  purpose,  in  seeking  the  outlets,  etc 
All  this  would  have  been  avoided  had  their  courses  been  laid  down 
on  the  maps.  To  record  the  nature  of  the  soil  dug  out,  when  draina 
are  being  made,  is  of  the  utmost  importance  to  the  agriculturist  and 
geologist,  and  this  should  be  especially  noted  on  the  map.  As  the 
Government  indirectly  lends  large  sums  of  money  for  land  drainage 
I  would  suggest  that  the  Government  stipulate  in  the  future  that 
the  courses  of  all  land  drains  should  be  laid  down  on  the  estate 
maps,  and  the  nature  of  the  soil  recorded,  and  that  a  copy  and 
tracing  of  the  drains  be  deposited  with  the  Government  Department. 

I  would  here  suggest  a  further  use  of  these  25  in.  maps  for 
the  recording  on  them  by  farmers  of  certain  agricultural  notes 
relating  to  crops,  eta 

On  each  of  the  field  divisions  year  by  year,  and  in  one  line  if 
possible  (so  that  the  records  of  several  successive  years  might  be 
placed  on  the  same  division  for  referenoe,  especially  if  contractions 
were  used),  should  be  noted  the  amount  of  seed  sown,  the  kind 
and  quantity  of  manure  used,  and  the  weather  at  the  time ;  alsa 
the  result  of  the  crop,  such  as  weight  of  grain,  length  of  straw,  eta, 
and  the  same  with  other  crops.  If  the  results  of  seven  years  were 
thus  recorded  they  could  be  taken  in  at  a  glance  and  the  reason 
often  seen  for  success  in  one  year  and  failure  in  another,  and  the 
varying  results  where  dififerent  manures  had  been  used  could  also 
be  noted  in  a  field-book.  The  dififerent  kinds  of  trees  and  their 
growth  in  relation  to  the  soil  should  be  noted  both  by  farmers  and 
landowners.  Many  farmers,  no  doubt,  would  object  to  all  this 
as  an  additional  and  useless  labour  on  their  part ;  but  I  would 
suggest  that  such  information  would  be  of  the  utmost  value  to 
the  incoming  farmer,  and  would,  of  course,  be  the  private  property 
of  the  late  occupier.    The  incoming  tenant  should  be  very  glad  to 
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pay  a  very  sabstantial  sura  for  this  aooumulated  information,  as, 
without  this,  he  might  have  to  spend  years  and  lose  much  valuable 
time  and  money  in  finding  it  out  Thus  the  late  oooupier  would 
find  that  he  had  not  only  been  getting  together  muoh  valuable 
information  for  himself,  but  information  of  such  a  nature  that  the 
incoming  tenant  would  be  glad  to  buy  it. 


VIII. — Bbiif  Notiom. 


1.  The  Yorkshibb  Philosophioal  Sooibtt. — The  Annual  Report 
of  this  Society  for  1903  is  a  trifle  more  bulky  than  usual,  separate 
copies  of  Dr.  Anderson's  paper  on  the  West  Indian  Eruption,  which 
was  published  by  the  Royal  Qeographical  Society,  together  with  the 
12  plates  and  map  which  accompanied  the  original  paper,  being 
inserted. 

2.  Oabibbian  of  Pobtuoal.  —  A  fine  series  of  fossils  from  the 
calcareous  schists  of  Alemtejo  is  described  by  J.  F.  Nery  Delgado 
(see  Comm.  Serv.  Geol.  Portugal,  1904,  6  pis.).  Delgado  considers 
the  fauna  nearly  allied  to  that  of  Olenellus,  and  that  it  is  more 
ancient  than  the  Cambrian  fauna  of  Spain,  which  certainly  belongs 
to  the  zone  of  Faradoxides.  The  fauna  contains  Faradoxides, 
Olenopsis,  Micksia,  MierodiscuB,  Meiadoxides,  and  Olenellus  among 
the  Trilobites,  Linguiella,  Obolella,  Acrothele,  HyolitheSy  and  many 
Lamellibranchs.  The  plates  contain  photographic  figures  and  are 
excellently  produced. 

3.  Rkolassifioation  of  thb  Rbptilia.  —  Professor  Osbom  has 
printed  in  the  American  Naturalist  for  February,  1904,  his  paper 
on  the  reclassification  of  the  Reptilia,  read  before  the  Society  of 
Vertebrate  Palaeontologists  at  Philadelphia  in  December,  1903.  He 
arrives  at  the  following  conclusions : — 

The  birds  probably  originated  from  a  group  of  Diaptosauria 
identical  with  or  closely  related  to  that  which  gave  rise  to  the 
Dinosauria.  It  is  not  true  that  birds  have  descended  from  Dinosaurs, 
but  there  is  very  strong  evidence  that  birds  and  Dinosaurs  are 
descended  from  a  common  stock. 

There  is  no  question  that  the  mammals  are  affiliated  with  the 
subclass  Synapsida  rather  than  with  the  Diapsida;  both  in  skull 
and  shoulder- girdle  structure  and  in  the  phalangeal  formula  they 
are  Synapsidan.  As  to  their  nearer  relationships  they  appear  to  be 
rather  with  the  superorder  Anomodontia  and  with  the  order  Cyno- 
dontia  or  Theriodontia.  The  divergence  of  the  mammal  stem  from 
these  typical  reptiles  will  probably  be  found  to  have  occurred  in  the 
Permian  or  Trias  of  South  Africa. 

4.  Geology  of  Tunis. — Under  the  title  "Etude  geologique  de  la 
Tunisie  centrale,"  Dr.  L.  Pervinqui^re  has  written  a  detailed  mono- 
graph around  a  really  magnificent  map  of  the  country,  geologically 
coloured,  llie  formations  dealt  with  range  from  the  Pleistocene 
to  the  Trias,  the  fossils  themselves  being  referable  to  the  Lias, 
Ozfordian,  Portlandian,  Neocomian,  Aptian,  Arbian,  Cenomanian, 
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Ttoonian,  Senonian,  Eocene,  Oligooene,  Miooene,  and  Pliooene.  Tli» 
oonntry  seeme  remarkable  for  the  isolated  Triassio  htlk  whtoh  stand 
up^  boldly  from  the  snrromiding  oonntry*  A  list  of  proTioits  woHn 
on  Ttmis  »  grveo,  and  M.  Perrinqmre  deserres  onr  thanks  for 
a  Tahiable  a^ition  to  Afrioan  geology.  The  book  is  issued  from 
Paris  (Direction  G6n6rale  des  Tnmnix  Publics),  1909.   Prioe  15fr8; 

5.  MsnTOODUS, — A  ffne  and  perfect  skeleton  of  the  hypsodont 
group  of  ruminants  has  beea  described  and!  figured  by  W.  D.  Matthew 
(in  the  Bull.  Amer.  Mus.  N.H.,  xx,  1904).  This  is  Metyeodnu  oAovni, 
a  form  related  to  the  antelopes,  but  with  branching,  decidnoos 
antlers  like  those  of  the  deer.  The  specimen  came  from  the  Kiddle 
Miocene  (Pawnee  Creek  Beds)  of  north-eastern  Colorado,  and  was 
found  by  Mr.  Bamum  Brown,  of  the  American  Museum  Expedition 
of  1901.  The  paper  sketches  the  other  known  species  of  the 
genus  as  well  as  species  of  the  genera  Blastomeryx,  Laproimeryx,  and* 
J\xuidOiH€ry9, 

6.  Thb  Minks  of  Hualoayoo,  Ps&u. — Situated  in  a  volcanio 
region,  in  which  the  sedimentary  rocks  seem  to  be  of  Cretaceous  age 
from  their  fossil  contents,  the  mines  of  Hualgayoc  yield  an  abundance 
of  minerals.  Those  chiefly  worked  are  lead  and  copper,  and  this 
paper  (published  in  the  Bol.  Cuerpo  Ingen.  Minas  Peru,  No.  6, 1904), 
by  F.  Malaga  Santolalla,  is  mainly  devoted  to  them.  Hualgayoc 
is  a  province  of  Peru,  and  the  author  prefaces  his  description  of  the 
mines  with  a  sketch  of  the  geography,  history,  and  geology  of 
the  area.    The  paper  is  well  illustrated  and  has  a  topographical  map. 

7.  Tbbtiabt  Fauna  of  Florida.— Dr.  W.  H.  Dall  has  recently 
published  in  the  Transactions  of  the  Wagner  Free  Institute  of  Scienos 
the  concluding  part  of  his  "Contributions  to  the  Tertiary  Fanna 
of  Florida."  lliis  consists  of  the  molluscan  fauna  of  the  Silex 
beds  of  Tampa  and  the  Pliocene  beds  of  the  Caloosahatchie  river, 
aiid  includes  in  many  cases  a  complete  revision  of  the  generic  groups 
treated  of  and  their  American  Tertiary  species.  This  part  vi  rune 
from  p.  1219  to  p.  1654,  pis.  xlviii-lx,  and  with  an  index  brings 
a  laborious  and  valuable  work  to  a  successful  conclusion. 

8.  NoBTH  PoLAB  EXPEDITION,  1893-96. — Messrs.  Longmans  A  Ca 
have  published  vol.  iv  of  the  scientific  results  of  this  expedition, 
edited  by  Dr.  Fridtjof  Nansen.  The  volume  before  us  containa 
Dr.  Johan  Eieer's  paper  in  the  Lower  Silurian  at  Ehabarora.  The 
age  of  the  beds  appears  to  be  of  the  Scandinavian  Esthonian  tjrpe, 
and  praise  is  due  to  Dr.  Eieer  and  Dr.  Brogger  for  suooessfully 
dealing  with  such  unpromising  materiaL  Dr.  Nansen  contributes 
to  this  volume  his  '<  Bathymetrical  features  of  the  North  Polar  seas, 
with  a  discussion  of  the  continental  shelves  and  previous  oscillations 
of  the  shore-line,"  illustrated  by  maps  and  plates.^ 

9.  Rbuif  Map  of  North  Amvbioa.— Although  dated  as  long  ago 
as  1901,  it  may  be  worth  while  to  call  attention  to  a  publication  of 
the  Qeological  Survey  of  Canada  entitled  "  Altitudes  in  the  Dominion 

1  See  Profesaor  Hall's  Beriew  in  our  AngiiBt  Number,  p.  422.— Bd.  Gbol.  Mao. 
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of  Canada,  with  a  Belief  Map  of  North  Amerioa.'*  Thit  is  on  a  sdale 
of  200  milet  to  an  inch,  and  shows  elevations  at  100,  1000,  5000, 
10,000,  and  above  10,000  feet,  and  does  not  seem  to  be  generally 
known. 

10.  Pbimitivv  Fossil  Fishes. — H.  Ad.  Eemna  oontribotes  to 
the  Boll.  Soc.  Beige  Q6ol.,  xvii,  1903  (1904),  a  general  review  of 
reoent  disooveries  in  fossil  fishes  of  the  earliest  period.  The  writer 
bases  his  review  on  the  papers  of  Dr.  Traqtiair  and  Dr.  Smith 
Woodward,  and  after  pointing  out  the  impoitanoe  of  the  more 
ancient  fishes,  refers  to  their  zoological  position,  and  sketches  in 
«oine  detail  the  families  Heterostracidie,  OsteostracidfB,  and  Anaspidas. 

11.  ExouRSioHS  IH  BiLGiTJM. — M.  Butot  has  provided  a  full  report 
of  the  excursion  of  the  Belgian  Society  of  Geology,  Palaoontology, 
and  Hydrology  to  Hainaut  and  the  environs  of  l^ussels  in  1902. 
It  is  published  in  the  Bulletin,  xvii  (5),  1904.  The  district  traversed 
was  from  Erguelinnes  to  Leval  -  Trahegnies,  Mous,  Vaulx  lez- 
Toumai,  Blaton  and  Hautrage,  Brussels  and  environs;    and  the 

Jaded  British  geologist  might  do  worse  than  spend  his  fonr  dbys 
over  this  g^nnd.  The  geology  covers  the  Landenian,  Brnxellian, 
Tpreeian,  and  Montian,  and  fossils  are  abundant. 

12.  Olioooknb  of  Poland. — M.  E.  Wojcik  has  found  in  a  small 
valley  in  Eruhel  Maly,  near  Przemysl,  on  the  northern  border  of  the 
Middle  Carpathians,  a  dark  clay  or  sandy  clay-bed  with  Mollusca  and 
Foraminifera.  Of  the  forms  found  46  out  of  60  belong  to  the  Lower 
Oligooene  of  North  Qermany,  as  described  by  Von  Koenen,  and 
8  of  the  14  remaining  species  are  found  in  the  Vicentinian  beds 
ilescribed  by  Fuchs  and  Oppenheim.  The  whole  fauna  is  com- 
l>arable  to  that  of  the  Clavulina  uahoi  beds  of  Von  Hantkei^ 
A<ocompanying  the  paper,  which  appears  in  the  Bull,  intern.  Ac  Sol. 
iJracovie,  1893,  No.  10,  are  two  plates  of  shells  and  Foraminifera. 

18.  MmxRALS  OF  Colombia.  —  A  new  journal  has  reached  us 
from  the  Bepublio  of  Colombia,  '*  Trabajos  de  la  Ofioina  de  Htstoria 
Natural,'*  Bogata,  1904.  This  tract  of  27  pages  contains  an  account 
of  the  alkaline  and  earthy  minerals  of  Colombia,  by  Kicardo  Lleras 
Oodaazi,  chief  of  the  section  of  Mineralogy  and  Geology. 

14.  CiNNABAB  FEOM  Fbbu. — Augusto  F.  Umlauff  publishes  in  the 
eeventh  **  Boletin  del  Cuerpo  Ingenieros  de  Minas  del  Peru  "  a  long 
account  of  the  Huan  Cavelica  mercury  deposits,  with  map  and 
sections.  The  ore  seems  to  occur  indiscriminately  throughout  the 
.mass,  as  at  Santa  Barbara  it  is  described  and  figured  as  occurring 
in  Andesites,  Amphibolites,  Basalts,  Sandstones,  Limestones  with 
-Cretaceous  mollusca,  and  Conglomerates.  No  description  of  the 
fossils  is  given ;  it  being  merely  stated  "  molluscs  and  others  very 
abundant'* 

15.  'Exotic  Blocks'  of  thk  Himalayas. — In  tbeComptesBendus 
of  the  Ninth  Congress  of  Geologists  held  at  Vienna  in  1903,  just 
published,  we  find  Dr.  C.  L.  Ghiesbach's  note  on  the  *  exotic  blocks ' 
of  the  Himalayas.    These  are  masses  of  limestones  of  Nummulttie 
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age,  often  converted  into  marble,  which  rest,  and  in  some  ca8e» 
are  enclosed  in,  igneous  rocks.  They  occur  in  the  Tibetan  area. 
These  blocks  would  appear  to  be  the  result  of  the  action  of  huge 
igneous  flows,  which,  passing  through  the  dislocated  rocks,  tore  oflT 
and  bore  to  the  surface  masses  of  rudimentary  rock,  together  with 
other  loose  masses,  the  result  of  the  dislocating  and  faulting  itself. 
Dr.  Oriesbaoh  thinks  that  all  this  was  part  of  the  general  Himalayan 
upheaval,  which  falls  into  the  period  after  the  deposition  of  the 
Upper  Cretaceous  system  and  prior  to  the  deposition  of  the  younger 
Tertiaries,  and  fits  into  the  period  during  which  the  great  flows  of 
Dekkan  Trap  took  place  in  India. 

16.  Bbadfobd  Olaoial  Lakes. — The  Bradford  Scientific  Associa- 
tion have  started  a  new  quarterly  called  the  Bradford  Scienlifie  Journal 
(No.  1,  July  1904),  and  the  opening  paper  deals  with  "The  Glacial 
Lakes  of  the  Bradford  District,"  by  J.  E.  Wilson.  The  author 
gives  a  map,  and  states  that  a  note  of  his  conclusions  appeared  in 
the  Report  of  the  British  Association  for  1900. 

17.  Persimmon  Cakek  Meteobitb. — ^This  iron  came  from  North 
Carolina  in  1893,  and  is  now  in  the  U.S.  National  Museum.  It  ia 
described  in  the  Proc.  U.S.  Nat  Mus.,  xxvii  (1904),  by  Wirt  Tassin^ 
as  ''a  more  or  less  continuous  matrix  of  iron  containing  troilite, 
schreibersite,  and  carbon."  Its  present  weight  is  91b.  6oz.,  but 
a  fragment  weighing  about  1  lb.  13  oz.  has  been  broken  ofL 

18.  Museums. — It  may  be  well  to  call  attention  to  the  Yorberichta 
fiir  die  xii  Eonferenz  (Centrals telle  fiir  Arbeiter  -  Wohlfahrtsein- 
richtungen),  1903,  in  Mannheim,  which  contains  Gill  Parker'a 
account  of  the  Buskin  Museum  and  Lehman n's  account  of  the 
Altona  Museum,  among  other  papers. 

19.  Fbesh  Fossil  Eoo.—Messrs.  W.  C.  Morgan  and  M.  C.  Tallman 
described  in  Bull.  Geol.  Univ.  Calif.  Publications  (iii,  1904)  an  egg 
from  a  pebble  in  a  placer  deposit  on  the  Gila  river  in  Arizona. 
The  egg  formed  the  centre  of  a  rounded  mass  of  hard  calcareous 
rock,  which  was  removed  so  as  to  allow  of  an  examination  of  a  fresh 
surface  of  the  shell.  The  authors  say  that  the  egg  corresponda 
fairly  well  to  the  type  of  egg  laid  by  a  cormorant,  and  with  that 
and  some  photographic  illustrations  we  must  content  ourselves. 

20.  Ebbatio  Blocks.— Special  attention  should  be  called  to  the 
Eighth  Beport  of  the  Committee  on  the  Erratic  Blocks  of  the  British 
Isles  (Bep.  Brit.  Assoc,  for  1903,  1904),  as  in  it  the  SecreUry, 
Professor  Percy  P.  Kendall,  has  drawn  up  a  summary  of  the  records 
accumulated  during  the  past  thirty-two  years  from  England,  Wales^ 
the  Isle  of  Man,  and  Scotland. 

21.  The  "Records  of  the  Geological  Survey  of  India,"  established 
in  1868,  published  hitherto  in  yearly  volumes  until  1897,  when  it 
was  amalgamated  with  the  **  Memoirs."  With  a  view  to  the  rapid 
publication  of  short  papers  and  notes  on  Indian  geology,  it  is  now 
being  continued  again  as  before.  Private  workers  are  invited  to 
oontribttte.    The  current  number  (vol.  xxzi,  pt.  1,  1904)  contains- 
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papers  of  eoonomio  importanoe ;  on  an  ocourrenoe  of  copper  ore  in 
the  Darjiling  district,  and  on  coal  deposits  in  Punjab  and  Assam* 
Various  mineralogical  notes  and  technical  assays  are  appended. 

22.  Sttlonurus  in  thi  Baltic  Silubian. — The  genus  Stylonuru$ 
has  not  hitherto  been  recorded  from  the  Baltic  region^  but  Dr.  F. 
Schmidt,  in  examining  a  specimen  collected  from  the  uppermost 
Silurian  of  Rotzikiill  on  the  Island  of  Oesel,  has  come  to  the  con- 
clusion that  it  represents  a  fragment  of  this  Merostomatous  Arthropod* 
He  bases  this  conclusion  on  the  general  form  of  the  body,  which 
tapers  somewhat  rapidly  backwards,  the  shape  of  the  four-jointed 
limb  fragment  with  terminal  spines,  and  the  ornament  of  the  body- 
segments.  At  the  same  time  the  species,  which  he  names  Stylonurus  (?)^ 
Simonsoni,  after  the  collector,  may  belong  to  some  hitherto  undescribed 
genus.  The  specimen  presents  some  interesting  features,  especially 
two  grooves  on  the  dorsal  side  of  the  carapace,  giving  it  a  somewhat 
trilobed  appearance.  Portions  of  the  underside  of  the  head-shield 
are  preserved,  including  a  complete  metastoma,  a  structure  hitherto 
unknown  in  Siylonurus ;  it  is  distinguished  by  its  pyriform  outline. 
Dr.  Schmidt's  paper,  which  appeared  in  the  Jitdletin  of  the  Imperial 
Academy  of  Sciences  of  St.  Petersburg  for  March,  1904,  is  illustrated 
by  a  plate. 

23.  A  LABGB  Pbestwichja, — Among  the  papers  of  the  late  Pro- 
fessor G.  £.  Beecher  was  found  a  manuscript  which  has  been  printed 
in  the  Amer.  Journ.  Sci.,  July,  1904.  This  manuscript  describes 
(and  figures)  a  cephalothorax  of  Frestwiehia  signata,  sp.u.,  from  the 
Fort  Biley  Limestone  of  the  Lower  Permian,  three  miles  west  of 
Stockdale,  Kansas.  The  specimen  has  a  length  of  45  mm.,  and  is 
of  especiid  interest  as  coming  from  a  higher  horizon  than  any  other 
American  species  yet  known. 


I^  E  V  I  EJ  "W  S. 


The  History  of  the  Oolleotions  contained  in  the  Natubal 
History  Departments  of  the  British  Museum.  Vol.  1 : 
The  Libraries — The  Department  of  Botany — The  Department  of 
Geology — The  Department  of  Minerals.  8vo ;  pp.  zviii  and  442. 
(London  :  printed  by  order  of  the  Trustees  of  the  British 
Museum.  Sold  by  Dulau  &  Co.,  37,  Soho  Square,  W.,  and 
others.     1904.     Price  159.) 

THIS  volume  contains  the  history  of  the  libraries  and  of  the 
collections  in  the  Departments  of  Botany,  Geology,  and 
Minerals.  A  second  volume  (not  yet  issued)  will  contain  the 
history  of  the  collections  in  the  Department  of  Zoology. 

"  The  possibility  of  producing  such  a  history  as  the  present  is/' 
says  the  Director  in  his  Preface,  '*a  remarkable  evidence  of  the 
care  and  efficiency  with  which  the  records  of  the  Museum  have 
been  kept  during  the  past  century.  The  value  of  the  book  to 
workers  in  the  various  branches  of  Natural  History  will  be  very 
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great  It  not  only  farnisbes  an  fntereRting  reoord  of  the  names 
of  hnndreds  who  have  contributed  (o  build  ap  our  seienoe  during 
the  nineteenth  oentnry,  but  it  will  prove  to  be  of  assistanoe  to 
inTefttigators  who  are  aiizions  to  dieoover  the  present  depoeitoxy 
of  speoiinene  or  collections  referred  to  in  old  publieations  and  to 
compare  them  with  later  examples.  It  will  also  furnish  to  a  very 
large  number  of  persons,  wlio  at  present  are  not  informed  on  the 
eubjecty  a  correct  idea  of  the  variety,  extent,  and  importance  of  the 
immense  series  of  collected  specimens  which  are  here  carefully 
guarded  and  kept  in  orderly  arrangement,  *not  only'  (aecordingr 
to  the  terms  of  Sir  Hans  Sloane's  will)  'for  the  inspection  and 
entertainment  of  the  learned  and  curious^  but  for  the  general  use 
and  benefit  of  the  public  to  all  posterity.' 

*'  Mr.  B.  B^  Woodward  has  written  the  history  of  the  libraries ; 
Mr.  George  Murray,  assisted  by  Mr.  Britten,  that  of  the  Department 
of  Botany ;  Dr.  ArUiur  Smith  Woodward,  with  valuable  help  frott 
the  late  Keeper,  Dr.  Henry  Woodward,  and  from  the  present 
Assistant  Keeper,  Dr.  Bather,  that  of  the  Department  of  Geology ; 
and  Mr.  Fletcher,  that  of  the  Department  of  Minerals." 

The  actual  foundation  of  the  British  Museum  dates  from  the  year 
1 758,  wben  an  Act  of  Parliament  was  passed  '*  for  the  purchase  of 
the  Museum  or  Collection  of  Sir  Hans  Sloane,  and  of  the  Harleian 
Collection  of  Manuscripts,  and  for  providing  one  general  repository 
for  the  better  reception  and  more  convenient  use  of  the  said 
Collections  and  of  the  Cottonian  Library  and  the  additions  thereto." 

The  collection  of  Sir  Hans  Sloane  contained  in  his  residence,  llie 
Manor  House,  Clielsea,  consisted  of ''  books,  drawings,  manuscripts, 
prints,  medals  and  coins,  ancient  and  modem  antiquities,  seals, 
cameos  and  intaglios,  precious  stones,  agates^  jaspers,  vessels  of 
agate  and  jasper,  crystals,  mathematical  instruments,  pictures,  and 
other  things,"  which  last  included  numerous  zoological  and  geo- 
logical specimens  and  an  extensive  herbarium  of  dried  plants 
preserved  in  310  large  folio  vekimes. 

The  Cotton  Manuecripts  were  already  the  property  of  the  naUon, 
having  been  acquired  by  gift  in  1700.  The  Harleian  Oolleetion 
was  obtained  by  purchase  at  the  same  time  as  the  Sloane  Collection, 
and  the  three  were  brought  together  under  tlie  designation  of  **  the 
British  Museum,"  placed  under  the  care  of  a  body  of  Trustees,  and 
lodged  in  Montagu  House,  Bloomsbury,  purchased  for  their  reception 
in  1754. 

Admission  to  visit  the  Museum  was  limited  by  ticket,  issued 
only  on  application  in  writing,  and  to  not  more  than  ten  persona 
for  each  of  three  hours  in  the  day ;  the  hours  were  subsequently 
extended,  but  it  was  not  until  the  year  1810  that  the  Museum  was 
accessible  to  the  general  public  for  three  days  in  the  week  from 
10  o'clock  to  4.  Tlie  present  daily  opening,  with  longer  hours 
in  Summer,  dates  only  from  1879.  The  collections  soon  outgi-ew 
the  limits  of  the  original  Montagu  House  and  also  its  successor,  tlie 
present  classical  building,  completed  in  1845.  The  erection  of  the 
magnificent  reading-room  in  1857  disposed  for  a  time  of  the  diiBculty 
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of  finding  aooommodatioQ  for  the  6ver*growing  library,  bat  ih» 
keepers  of  the  other  departments  oontinued  urgent  in  their  demands 
fior  more  spaoe ;  and  after  maoh  disoassion  of  rival  plans  for  keeping 
the  oolleotions  together  and  obtaining  the  needful  extension  of  room 
bjr  |U)quiring  the  property  immediately  around  the  old  Museum,  or 
for  severing  the  oolleotions  and  removing  a  portion  to  another 
building  on  a  fresh  site,  the  latter  oourse  was  finially  decided  upon. 
In  1863  the  House  of  Commons  sanotioned  the  purohase  of  part 
of  the  site  of  the  International  Exhibition  of  1862,  in  Cromwell 
Boad,  South  Kensington,  with  a  view  to  appropriating  it  to  the 
purpose  of  a  Museum  of  Natural  History. 

llie  oonsiderations  of  the  various  plans  for  the  new  buildings 
oooopied  a  long  period  of  time,  Mr.  Alfred  Waterhouse,  the  arohiteot, 
finally  obtaining  for  his  design  the  approval  of  the  Trustees  in  1871. 
The  present  buUding  was  commenoed  in  1873,  and  was  handed  over 
to  the  Trustees  completed,  but  without  internal  fittings,  in  June, 
1880.  The  great  labour  of  removing  the  oolleotions  to  the  new 
bnilding  was  oommenoed,  and  a  part  of  the  Departments  of  (Geology 
and  Mineralogy  were  opened  to  the  publio  on  April  18th,  1881. 

The  history  of  the  growth  of  the  great  oolleotions  in  the  British 
Museum  runs  parallel  to  the  growth  of  natural  knowledge,  an 
exemplified  by  the  establishment  of  the  various  learned  Sooietieti 
whioh  have  been  founded  for  its  promotion.  Thus,  in  1756  the^ 
National  Museum  consisted  of  three  departments  only,  (1)  PrintCil 
Books,  (2)  Manuscripts,  (3)  Natural  History ;  strange  to  say,  this 
last  department  included  antiquities,  coins,  and  medals !  In  1807  the 
last-named  department  was  divided  into  the  Department  of  Natural 
History  and  Modern  Ouriosities  and  of  the  Department  of  Antiquities 
and  Coins. 

In  1827  Robert  Brown  was  appointed  Keeper  of  Sir  Joseph 
Banks'  Botanical  Collection,  and  by  adding  to  this  the  Sloane 
herbarium  and  other  dried  plants  a  separate  Department  of  Botany 
was  formed.  In  1837  the  Mineralogioal  and  Greological  branch, 
under  Mr.  C.  Konig,  Keeper,  and  the  Zoological  brandi,  under 
Mr.  J.  G.  Children,  were  created.  The  last  subdivision  occurred 
in  1857,  when  Mineralogy  and  Qeology  were  split  up  into  two 
departments,  and  the  four  departments  so  formed  have  remained 
intact  to  the  present  time. 

Originally,  the  Royal  Society,  whioh  was  founded  in  1660,* 
represented  aU  the  Natural  Sciences  till  1788,  when  the  Botanists 
seceded,  with  others,  and  formed  the  Linnean  Society.  The  Qeo- 
logists  made  another  separate  Society  in  1807,  and  the  Astronomers 
in  1821.  The  Zoological  Society  commenced  its  existence  in  1826. 
The  Chemists  found^  a  separate  Society  in  1841.  Many  others 
might  be  named,  as  the  Entomological  Society  founded  in  1833. 
while  the  Mineralogioal  and  Malaoolc^cal  Societies  have  a  still 
more  recent  origin.  But  the  swing  of  the  pendulum  of  time  seems 
now  changing  in  favour  of  reunion,  or  perhaps  of  reorganisation  ;  and 

'  The  Antiouaries  formed  a  Society  in  1672,  were  dissolved  in  1601,  reconstituted 
in  1717,  sod  ootained  their  charter  in  1751. 

Digitized  by  VjOOQ  IC 


524  Correspondence — Eev.  O.  Cretvdson. 

one  woald  not  be  surprised  to  learn  that  Zoology  and  Palsdontology 
in  (he  Natural  History  Museum  had  been  reoombined  together  as 
representing  Animal  Biology ;  in  fact,  the  late  Director,  Sir  William 
Slower,  and  the  present  Director,  Professor  Ray  Lankester,  have 
'both  strenuously  aimed  at  bringing  the  recent  and  extinct  forms  of 
animal  life  together  into  one  series.  It  is  remarkable  that  not- 
withstanding the  various  attempts  to  change  the  existing  order  of 
things  (as  e.g.  that  of  the  Eew  authorities  to  absorb  the  Botanical 
Department  into  the  Eew  Herbarium,  and  the  plan  suggested 
by  Professor  Maskelyne,  many  years  ago,  to  transfer  the  Mineral 
Oollections  to  the  Royal  College  of  Chemistry,  or  to  the  Royal 
School  of  Mines),  they  all  failed,  and  these  departments  still  remain 
firmly  united  to  the  Natural  History  Museum,  and  the  G^logioal 
Department  still  enjoys  a  separate  and  distinct  existence. 

It  would  be  impossible  in  a  brief  notice  like  the  present  to  give 
an  adequate  notion  of  the  amount  of  labour  bestowed  in  working 
up  the  historical  records  of  the  Museum  in  the  past  150  years, 
presented  to  us  in  this  interesting  volume,  bringing  out  as  it  does, 
in  an  orderly  and  succinct  form,  the  story  of  the  three  great 
Departments  and  of  the  Libraries  attached  to  them ;  but  to  any 
person  interested  in  the  progress  of  Natural  History  in  this  country 
this  book  will  afford  the  greatest  pleasure,  not  only  to  read,  but  to 
possess,  as  a  most  valuable  work  of  reference  for  all  time. 


coi^i^Es:po2srx)'jE325rc:E3. 


ICE-ACTION  ON  WINDERMERE. 

Sib, — As  one  of  the  party  that  visited  the  cliffs  in  the  neigh* 
bourhood  of  Cromer  in  connection  with  the  recent  meeting  of  the 
British  Association,  I  was  greatly  interested,  as  we  all  were,  with 
what  we  saw  and  with  the  able  exposition  given  by  Mr.  Clement 
Raid  ;  and  it  occurred  to  me  that  what  I  have  observed  of  ice-action 
on  a  small  scale  when  Windermere,  in  1895,  was  completely  frozen 
over  might  be  of  some  interest  to  students  of  ice-action  on  a  far 
grander  scale  in  past  ages,  of  which  we  see  traces  in  the  present  day. 
I  was  encouraged  in  this  view  by  some  of  the  members  of  Section  C 
to  whom  I  mentioned  what  I  had  seen.  I  will  simply  state  the  facts 
without  attempting  to  found  any  theory  upon  them. 

During  the  Winter  in  question  Windermere  was  frozen  throughout 
its  entire  extent,  the  ice  attaining  a  thickness  in  many  places  of  seven 
to  eight  inches  or  more.  Wherever  there  was  a  considerable  expanse 
of  water,  as  for  instance  between  Thompson  Holme  and  the  northern 
shore  of  Miller  Ground  Bay,  a  distance  of  about  two  miles,  the 
expansion  which  takes  place  in  freezing  forced  the  ice  up  on  the 
shore  wherever  the  slope  was  sufficiently  gentle  to  permit  of  this. 
The  striation  produced  by  this  gl£M)iation  was  clearly  to  be  seen 
below  the  ice  where  the  bottom  was  chiefly  composed  of  clay. 
Where  the  shore  was  composed  of  loose  shingle  the  ice  in  its 
progress  ploughed  its  way  through  it,  raising  a  bank  of  from  one 
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to  two  feet  in  height  Where  the  shore  presented  miniatare  oliffs 
•of  olay  capped  by  tarf,  the  soil  was  turned  over  by  the  ioe  as  by 
a  ploughshare.  Along  the  greater  part  of  the  shore  •line,  but 
especially  where  the  shore  was  steep  or  rooky,  the  pressure  foroed 
the  ioe  up  into  hummooky  fragments.  Qreat  oraoks,  the  edges  of 
which  were  similarly  thrown  into  hummocks,  extended  right  across 
the  lake  at  two  points  between  Bowness  and  Ambleside.  When  the 
thaw  set  in  and  the  ice  contracted,  the  position  of  these  two  loci 
of  compression  was  marked  by  wide  lanes  of  open  water,  while  the 
tee  on  either  side  was  still  strong  enongh  to  bear  the  weight  of 
^  man.  Other  more  local  evidences  of  compression  were  seen  in 
funnel -like  depressions  in  the  ioe,  in  some  cases  with  a  dangerous 
bole  in  the  centre,  though  the  ioe  surrounding  the  hole  was  so 
strong  that  a  man  was  able  without  risk  to  reach  the  hat  of  a  skater 
who  had  fallen  through.  Evidences  of  the  motion  of  the  ioe  in 
the  direction  of  the  greatest  pressure  was  also  to  be  seen  in  bent 
and  broken  piles  and  landing-stages.  These  phenomena  were  not 
to  be  seen  where  from  any  cause  the  ice  did  not  attain  to  any  great 
thickness,  as,  for  instance,  at  the  mouth  of  Troutbeck,  where  the 
flow  of  the  river  checked  the  formation  of  the  ice. 

Scarcely  less  remarkable  than  the  effect  of  the  ioe-aotion  them- 
selves was  the  short  time  that  it  took  for  denudation  to  remove 
all  traces  of  them. 

These  are  the  facts  that  I  observed  ;  and  I  think  they  may  be 
worth  putting  on  record,  especially  because  the  opportunities  of 
observing  them  are  so  rare,  Windermere  being  seldom  frozen  over 
more  than  three  or  four  times  in  a  century.  Oko.  Cbiwdson. 

St.  Maby'b  Yica&aoe,  Windbrmbkb. 
September  Ut,  1904. 


THE  DISCOVERY  OF  MARSUPITES  IN  THE  CHALK  OF  THE 
CROYDON  AREA. 

Sib, — Some  few  weeks  ago  I  received  a  letter  from  Messrs. 
Wright  &  Polkinghorne  (of  the  Battersea  Field  Club  and  Oeologists' 
Association)  to  the  effect  that  while  cycling  from  Purley  to  Beddington 
they  observed  some  chalk  that  had  been  thrown  out  while  laying 
the  sewer  in  one  of  the  new  roads  at  the  top  of  Russell  Hill. 

Upon  examining  the  chalk  they  were  rewarded  by  finding  plates 
of  Marsupites.  The  following  Thursday  evening  I  accompanied 
Mr.  Wright  to  the  spot,  when  we  found  that  the  chalk  had  been 
put  back ;  however,  after  a  diligent  search  among  the  blocks  on 
the  surface,  we  succeeded  in  obtaining  five  or  six  plates,  two  of 
which  were  embedded  in  flint  nodules. 

The  nipple-headed  form  of  Bourgueticrinus  and  the  pyramidated 
form  of  Eehinocorys  vulgaris,  both  characteristic  fossils  of  the 
Marsupite  zone,  were  also  obtained. 

The  chalk  is  of  a  very  soft  nature,  quite  different  to  that  of  the 
other  zones  in  the  district  I  spent  four  hours  the  following  Saturday 
at  excavations  at  a  lower  horizon  in  the  hope  of  finding  Uintaertnfis, 
but  without  success.    I  am  bound  to  admit  that  the  appearance  of 
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this  zone  at  this  spot  is  quite  a  surprise,  for,  standiDg  at  Bussell  Hill 
one  turns  to  the  left,  where  i^  the  Haling  Pit  the  Ix^tom  beds  of  the- 
M.  eoranguinum  beds  are  exposed;  while  immediately  facing  u» 
at  the  Purley  Junction  pits  (now  oeased  to  be  worked)  we  have  the- 
IL  e&rte$iMdinarmm  zone;  the  dip,  as  revealed  by  the  socoeesive 
aones  to  the  Chalk  escarpment,  being  to  the  north  and  disappearing 
vnder  the  Tertiaries  at  South  Oroydon. 

One  can  only  account  for  this  zone  by  a  fold  in  the  Chalk,  as  we 
have  at  Beddington,  a  little  further  south-west,  the  upper  part  of  the- 
If.  eoranguiuum  beds  exposed  which  are  at  a  lower  level*  according 
to  ordnance  datnm,  than  Bussell  Hill. 

Subsequent  discoveries  will  be  watched  with  interest  by  all 
workers  in  Chalk  g^ogy.  O.  E.  Diblkt. 

7,   ChAMFIOX  CRBSCBlfT,   LoWER  8T0SZrHAM,    S.E. 

Aufust  29th,  1904. 


EQUIVALENTS  OF  THE  LOWER  CULM. 
BrB, — Mr.  Jnkes-Browne  has  pointed  out  to  me  that  in  my  paper 
on  the  Homotaxial  Equivalents  of  the  Lower  Culm  I  have  left  it 
uncertain  what  remains  in  North  Devon  as  the  representative  of 
the  Lower  Carboniferous  series,  and  that  I  might  be  understood  to 
mean  that  there  is  absolutely  no  representative  of  the  Carboniferous 
Limestone  in  that  area.  He  also  reminds  me  that  Salter  in  1863^ 
mentioned  the  existence  of  soft  fossiliferous  shales  containing  Car- 
boniferous fossils  above  the  Pilton  Beds  to  the  north  of  Barnstaple, 
which  I  noted  as  passage  beds  (p.  897).  He  further  suggests  that 
my  table  of  comparative  succession  (p.  401)  might  be  amplified  thus: — 
Deton'shibb.  SorTH-WsOT  Irsland. 

Lower  Culm PotufoMomya  beds. 

Fremington  Beds       Oarbonifsnms  shales  t 

Softshales   ) Carboniferous  slate    f 

Pilton  Beds  9 Garbomferons,  lower  part  |     Upper 

Baggy  Beds Goomhola  Beds  f  Devonian. 

I  am  quite  prepared  to  admit  the  possibility  that  the  Lower 
Carboniferous  series  is  represented  in  North  Devon  and  in  Soutb- 
West  Lreland,  but  at  present  I  am  not  sufficiently  conversant  witb 
the  palasontology  of  the  Pilton  Beds  to  discuss  the  question.  For  it» 
settlement,  moreover,  some  further  field-work  would  be  required. 

Whbblton  Hin». 
Stokb-ok-Trent. 

September  13M,  1904. 

EouTHS  :  A  Chance  for  Collkotobs  I — We  have  learnt  fron^ 
Mr.  Benjamin  Harrison,  of  Ightham,  that,  with  the  kind  permission 
of  Sir  Mark  Collett,  the  present  owner  of  the  property,  he  haa 
recently  opened  a  fine  section  in  the  Eolithio  Drift  on  Terrys  Lodge 
crest.  Mr.  Harrison  hopes  that  anyone  desirous  of  studying  this 
drift  for  themselves  will  take  advantage  of  this  opportunity. 
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1. — Note  on  the  Giqantic  Land    Tortoise  (Testudo   AMMotf, 
Andbbws),  from  the  Upper  Eocene  of  Egypt. 

By  C.  W.  Andrews,  D.Sc,  F.G.S.,  British  Museum  (Natural  History). 
(PLATE  XVII.) 

IN  the  oourse  of  his  excavations  in  the  Upper  Eocene  beds  of  the 
Fayum  during  the  early  part  of  1902,  Mr.  H.  J.  L.  Beadnell 
unearthed  a  remarkably  fine  shell  of  a  very  large  species  of  Testudo. 
A  brief  description  of  this  specimen  *  was  afterwards  published  in 
Cairo  by  the  present  writer,  and  it  was  made  the  type  of  a  new 
species,  Testudo  Ammon,  At  the  same  time  Mr.  Beadnell  gave  . 
a  short  account  of  the  beds  in  which  it  was  found,  and  of  the 
methods  employed  by  him  for  its  preservation  and  transport  to 
the  Museum  in  Cairo. 

Owing  to  the  fact  that  when  the  original  description  was  dittwn 
up  the  shell  was  still  imperfectly  freed  from  matrix,  some  mistakes 
were  made,  the  most  important  being  the  statement  that  there  was 
no  epidermal  nuchal  shield.  It  can  now  be  seen  that  this  was 
present,  though  it  happens  that  in  the  type-specimen  it  is  smtdler  • 
and  less  distinctly  marked  than  in  other  shells  since  found,  including 
several  specimens  in  Cairo  and  two  in  the  British  Museum. 

Plate  XVII  is  a  side  view  of  the  type-specimen,  and  the  diagram  in 
the  text  (p.  528)  shows  the  structure  of  the  carapace  in  this  species. 
Seen  from  above,  the  shell  is  somewhat  quadrate  in  outline,  owing 
to  the  prominence  of  the  slightly  everted  antero-lateral  and  postero- 
lateral portions  of  the  border.  The  carapace  is  strongly  arched^ 
and  the  vertebral  shields  form  prominent  bosses,  separated  from 
one  another  and  from  the;  costals  by  deep  depressions ;  the  costals 
themselves  are  also  somewhat  convex.  The  anterior  border  of  the 
carapace  is  slightly  emarginate,  and  there  was  an  epidermal  nuchal 
Bhield.  There  are  seven  neural  bones  and  three  pygals ;  the  latter 
form  a  protective  covering  for  the  tail  and  project  below  the  level 

*  "  A  Preliminary  Notice  of  a  Land  Tortoise  from  the  Upper  Eocene  of  the 
Fajiim,  Egypt,"  by  0.  W.  Andrews  and  H.  J.  L.  Beadnell,  Survev^  Department,, 
Cairo,  1903. 
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of  the  rest  of  the  border  of  the  carapace.  They  are  very  convex, 
both  from  side  to  side  and  from  above  downwards,  and  were  covered 
by  the  last  neural  and  the  pygal  shields. 

The  sides  of  the  bridge  between  the  plastron  and  the  carapace 
are  greatly  thickened  and  form  a  prominent  border.  The  plastron 
itself  is  larger,  and  the  openings  of  the  shell  were  consequently 
smaller,  and  the  soft  parts  therefore  better  protected  than  in  most 
of  the  later  gigantic  species  of  the  genus;  possibly  this  peculiarity 


-Me 


Mr 


Diagram'of  carapace  of  Tettudo  Ammon.  C 1-4,  costal  shields;  M  1-11,  maii^piial 
shields ;  2i  1-4,  neural  shields ;  Nu,  nuchal  shield ;  iV,  pyg^  shield. 
e  1-8,  costal  bones;  m  1-11,  marginal  bones;  n  1-7,  neund  bones; 
MM,  nuchal  bone ;  py  1-3,  pygal  bones.  The  outlines  of  the  bones  of  the 
carapace  are  marked  in  dotted  lines,  those  of  the  epidermal  shieldB  in 
black  lines. 

may  be  connected  with  the  circumstance  that  large  and  powerful 
carnivores  coexisted  with  the  present  species,  while  most  of  the 
more  recent  types  are  or  were  inhabitants  of  islands  in  which  no 
such  powerful  enemies  are  found.  In  some  of  the  earlier  Tertiary 
species  of  Europe  (e.g.  Testudo  gigas  of  the  Upper  Oligocene  of 
France)  the  plastron  is  likewise  large,  possibly  for  a  similar  reasoa. 
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In  the  type  and  in  several  other  speoimens  the  epiplastral  region 
IS  produced  forwards  so  as  to  project  considerably  beyond  the 
anterior  border  of  the  carapace;  this  epiplastral  prominence,  like 
the  deep  concavity  of  the  middle  portion  of  the  plastron,  is  probably 
a  male  character.  In  the  Mnsenm  at  Cairo  there  is  a  beautifully 
preserved  shell  of  which  the  carapace  differs  very  slightly  from 
that  of  the  type  (e.g.  in  the  smaller  degree  of  convexity  of  the 
vertebral  shields),  while  the  plastron  is  very  dissimilar.  In  the 
iirst  place  it  is  only  slightly  concave,  then  the  epiplastral  region, 
though  prominent,  is  not  produced  forward  in  the  same  way,  and 
lastly  the  portion  of  the  ziphiplastrals  covered  by  the  anal  shields 
is  much  narrower,  so  that  the  posterior  emargination  of  the  plastron 
is  narrower  and  its  angle  more  acute  ;  this  specimen  may  be  regarded 
as  probably  the  female  form  of  the  present  species. 

The  dimensions  of  the  type-specimen  (Plate  XVII)  are : — 

Tjength  of  the  carapace  in  a  straight  line 

Len^h  of  carapace  along  carve       

Width  of  carapace  in  straight  line 

Width  of  carapace  along  curve       

Len^h  of  plastron  (greatest)  

Width  of  anterior  lobe  of  plastron 

Width  of  posterior  lobe         ,,        

Width  of  epistemal  prolongation 

The  dimensions  of  the  female  specimen  are  much  smaller;  some 
of  these  are : — 

Length  of  carapace  

Width  of  carapace 

Length  of  plastron 

Width  of  anterior  lobe  of  plastron  

Width  of  posterior  lobe 

In  the  former  account,  owing  to  the  fact  that  the  presence  of 
a  nuchal  shield  was  not  recognised,  it  was  stated  that  these  species 
approached  the  Galapagos  tortoises  rather  than  those  of  the  African 
islands.  Now,  however,  it  seems  possible  that  there  may  be  some 
relationship  with  the  species  inhabiting  Madagascar  and  the  Aldabra 
Islands,  a  much  more  probable  suggestion. 

The  presence  of  the  nuchal  shield,  on  the  other  hand,  separates  this 
form  somewhat  more  widely  from  some  of  the  Tertiary  species  with 
which  it  has  been  compared.  Nevertheless,  in  many  respects  it  is 
similar  to  Tettudo  perpiniana,  described  by  Deperet  and  Donnezan 
from  the  Lower  Pliocene  of  Roussillon,  and  it  may  also  be  allied  to 
T.  Uberonist  Dep6ret,  from  the  Miocene  of  Mount  Leb^ron,  and 
T.  gigasy  Bravard,  from  the  Upper  Oligocene  of  the  Allier. 

As  was  suggested  in  the  former  note,  "  it  seems  probable  that  in 
the  present  species  we  have  an  early  representative  of  a  large  group 
of  tortoises,  members  of  which  occur  at  several  horizons  in  the 
Tertiary  beds  of  Europe,  and  of  which  2\  pardalis  and  T.  calearata 
may  be  modem  forms.  T.  Atlas  and  T.  CauUeyi,  of  the  Siwalik 
Hills,  and  the  still  existing  T.  Sumeirei,  of  Mauritius,  may  also  fall 
into  this  group."  To  this  it  may  be  added  that  probably  the  giant 
species  of  Madagascar  and  the  Aldabra  Islands  are  also  related. 
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EXPLANATION  OF  PLATE  XVII. 

Shell  of  the  ^pe-specimen  of  Testudo  Atmnon,  photographed  from  the  mde.  Reduced 
to  aoout  f  natural  size.    From  the  Upper  Rxsene  beds  of  the  Fayiim,  Egypt, 

Beproduced  from  a  photograph  made  in  the  Qoological  Museum,  Cairo :  copied  with 
the  permission  of  Captain  H.  G.  Lyjns,  F.G.S.,  the  Director-Ueneral  of 
the  Geological  Survey  of  Egypt.  The  ori^nal  specimen  was  obtained 
by  H.  J.  L.  Beadnell,  Esq.,  F.G.S.,  of  the  Geological  Survey,  during  hi* 
excavations  in  the  Fayiim  early  in  1902. 


II.— NoTi  ON  THi  Lower  Culh  of  North  Devon. 
By  Arthuk  Vaughan,  B.A.,  D.Sc,  F.G.S. 

IN  the  Obologioal  Magazine,  August,  1904,  pp.  392-403, 
Dr.  Wheelton  Hind  describes  the  Lower  Culm  beds  of  North 
Devon  and  assigns  them  to  the  '  Pendleside '  series. 

From  the  original  paper  ^  dealing  with  that  seiies  I  gather  that  in 
the  North  of  England  the  *  Pendleside '  beds  lie  above  the  uppermost 
zone  of  the  Carboniferous  Limestone,  and  are  the  equivalents  of 
the  Millstone  Grit  of  the  South  Wales  and  Mendip  areas.  Dr.  Hind's 
contention  is,  then,  that  the  Lower  Culm  of  North  Devon  was  laid 
down  at  a  time  suhsequent  to  the  deposition  of  the  whole  of  the 
Carboniferous  Limestone  of  the  Mendips  and  South  Walen. 

The  Carboniferous  Limestone  of  South  Wales,  Chepstow,  Bristol, 
and  the  Mendips  lies  but  a  short  distance  N.E.,  N.,  and  N.W.  of  the 
Culm  crop.  It  seems  then  highly  probable  that,  if  any  difference 
exists,  the  faunal  sequence  in  North  Devon  will  resemble  that  of  the 
neighbouring  areas,  rather  than  that  of  Lancashire  and  the  Midlands. 

It  is,  without  doubt,  an  astonishing  instance  of  the  geographical 
inversion  of  the  faunal  sequence  that  Brachiopods  and  Corals  which, 
in  the  North,  occur  in  supra-Visean  beds  should,  in  the  South,  be 
only  characteristic  of  infra- Vis6an  rocks. 

Bemarkable  as  this  phenomenon  unquestionably  is,  it  scarcely 
affects  the  purpose  of  this  note,  which  is  to  demonstrate  that,  if  the 
faunal  sequence  in  North  Devon  is  identical  with  that  in  the  neighbouring 
areas,  the  Lower  Culm  must  be  placed,  not  above  the  Visean,  but 
well  below  the  uppermost  limit  of  the  Tournaisian  or  lower  division 
of  the  Carboniferous  Limestone. 

If  the  Carboniferous  Limestone  be  studied  in  the  extreme  west 
at  Tenby,  in  the  neighbourhood  of  Severn  Tunnel  Junction,  or  in 
the  Forest  of  Dean,  in  the  Sodbury  and  Bristol  areas,  or  at  its  most 
southerly  crop  in  the  Mendips,  the  faunal  sequence  is  essentially 
the  same  at  all  points;  furthermore,  this  result  is  deduced  from 
continuous  sections  in  which  there  is  no  possibility  of  misreading 
the  order  of  the  beds.  Throughout  the  Carboniferous  Limestone 
outcrop  which  lies  nearest  to  the  Culm  of  North  Devon  the  faunal 
facies  varies  from  zone  to  zone,  but  the  same  fossil  assemblage 
always  characterizes  the  same  horizon,  even  if  the  points  at  which 

»  **The  Pendleside  Group  at  Pendle  Hill,  etc.,*'  bv  Dr.  Wheelton  Hind  and 
Mr.  J.  A.  Howe:  Q.J.G.S.,  vol.  kii  (1901),  p.  388. 


Digitized  by  VjOOQ  IC 


Dr,  A.  Vaughan — The  Lower  Culm  of  North  Devon.      531 

it  is  examined  lie  100  miles  apart,  as  in  the  case  of  Tenby  and 
tbe  Mendips. 

(The  detailed  demonstration  of  this  fact  is  folly  set  out  in 
a  forthcoming  paper,  of  which  an  abstract  has  already  been 
published.^  From  this  abstract  it  is  only  necessary  to  extract  the 
following  information :  The  Gleistopora  zone  is  succeeded  by  the 
ZaphrentU  zone,  and  the  Zaphrentis  zone  by  the  laminosa  snbzone, 
and  these  three  zones  make  up  the  Tournaisian  or  lower  division 
of  the  Carboniferous  Limestone.) 

I  am  much  indebted  to  Mr.  J.  O.  Hamling,  F.O.S.,  of  Barnstaple, 
for  his  kindness  in  sending  me,  for  examination  at  my  leisure, 
the  Brachiopods  and  Corals  which  he  has  collected  from  Coddon 
Hill  and  neighbouring  localities.  These  specimens  are  mostly 
oasts,  but  this  character  increases  rather  than  lessens  the  certainty 
of  their  determination.  The  arrangement  of  the  miiscolar  soars 
in  the  Brachiopods  and  the  grouping  of  the  septa,  the  nature 
of  the  fossula,  and  the  cystoid  tabul»  of  the  Zaphrentes  are 
beautifully  shown  in  many  of  the  specimens.  I  have  also  been 
able  to  compare  Mr.  Hamling's  specimens  with  a  large  series  of 
very  similar  casts  collected  by  myself  at  Undy  (about  two  miles 
west  of  Severn  Tunnel  Junction),  where  a  similar  faunal  assemblage 
is  to  be  found. 

The  results  of  my  examination  are  as  follows : — 

Coddon  Hill  and  Landkbt.  South  op  South  Aller; 

ChoneUs  Hardrensii,^  vara.  Nobth-wbst  of  South  Molton. 

Leptena  analoga,  CleiothyrU  Reymi  (mat.  /3). 

Rhipidomella  Mkhelini,  Chonete$  Hardrensi»f*  var. 

Cleiothyris  glabrUtria,  Spirifer  aff.  ctathratiu, 
Orbieuloidea,  sp. 
Zaphrentis  aS,  FhiUipst, 

All  the  specimens  from  which  the  above  lists  are  drawn  up  are 
not  merely  similar,  but  are  actual  duplicates  of  forms  which  occur 
in  the  neighbouring  areas  at  the  horizons  to  which  I  assign  the  beds ; 
hence  the  deductions  here  drawn  require  no  effort  of  palsoontological 
subtilty. 

In  the  surrounding  area  every  one  of  the  above  fossils  to 
which  I  have  assigned  a  specific  name  (i.e.  with  the  exception  of 
Orbieuloidea)  is  confined  to  the  Tournaisian,  and  does  not  occur  in  any 
higher  beds. 

I  further  deduce  from  the  above  faunal  lists  that  the  Coddon  Hill 
Beds  belong  certainly  to  the  Zaphrentis  zone,  but  that  those  near 
South  Molton  lie  at  a  somewhat  lower  level,  and  may  be  either 
upper  Cleiatopora  zone  or  the  lowest  part  of  the  Zaphrentis  zone. 
Assuming,  then,  that  the  Posidonomya  shales  lie  immediately 
above  the  Coddon  Hill  Beds  (a  fact  of  which  both  Dr.  Hind  and 
Mr.  Ham  ling  are  convinced),  my  conclusions  seem  to  be  in  agreement 

1  Abstract  of  Proc.  Geol.  Soc.,  June  8th,  1904. 

'  HardrenttM  is  merely  used  as  a  connotatiye  term,  and  for  this  purpose  it  is 
preferable  to  laguettiana,  which  implies  a  particular  member  of  the  drculus. 
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with  those  of  Dr.  J.  H.   ParkinsoD,   who  refers '  similar  beds  m 
Germany  to  the  Toumaisian  division. 

Since  writing  the  ahove  note  Mr.  T.  F.  Sibley,  B.Sc.,  has  drawn 
my  attention  to  two  specimens  of  a  coral  which  he  had  biinaelf 
obtained  from  Coddon  Hill,  from  beds  in  which  he  foand  none  of 
the  fossils  enumerated  in  the  above  lists.  This  coral  is,  I  have 
little  doubt,  the  species  of  CyathophyUum  which  characterizes  the 
upper  beds  of  the  Iamino$a  subzone  in  the  Mendip,  Bristol,  and 
South  Wales  areas.  Not  only,  then,  do  the  Brachiopods  and  Corals 
of  the  typical  Coddon  Hill  Beds  agree  with  those  which,  are 
characteristic  of  the  main  Zaphrentia  zone  in  the  surrounding 
areas,  but  higher  and  lower  horizons  in  the  Toumaisian  division 
seem  also  to  be  represented  in  the  immediate  neighbourhood. 

It  is  necessary,  however,  to  state  that  I  am  not  personally 
acquainted  with  the  Coddon  Hill  district,  and  that  my  knowledge 
of  the  fossils  is  entirely  derived  from  specimens  collected  by  other 
geolog^ists.  

nL — Notes    ok    the   Bhjstio    Books    abound   CHARrncu), 
Glouobstkbshibk. 

By  L.   BiCHAKDBOK,   F.G.S. 

rpHE  object  of  this  communication  is  to  record  some  recently -made 
X     notes  on  the  Bhsdtic  beds  of  the  neighbourhood  of  Charfield. 

In  1876  Mr.  H.  B.  Woodward,  F.RS.,  wrote:  "Turning  to  the 
escarpment  of  Penarth  beds  between  Tites  Point  and  Wick  war,  we 
find  them  exposed  in  many  places.  Long  ago  Sir  Boderick  Murohison 
stated  that  '  passages  from  the  Lias  into  the  underlying  New  Bed 
Sandstone  can  be  observed  in  the  sides  of  Whitecliff  Park  Hills, 
south  of  Berkeley;  but  the  clearest  and  best  instances  are  to  the 
east  of  Wickwar,  near  Sturt  Bridge,  on  the  sides  of  the  new  road 
ascending  to  Wotton."*'  This  is  all  that  has  been  written  on 
the  area  now  under  consideration.  As  is  well  known,  the  junction 
of  the  BhsBtic  and  Eeuper  Series  is  usually  marked  by  a  low  but 
distinct  escarpment.  Between  Tites  Point  and  Berkeley  Boad 
Station  this  physical  feature  is  not  pronounced,  but  becomes 
gradually  more  prominent  to  the  south  of  the  Junction. 

At  Standhill  Green,  near  Stinchcombe,  a  section  of  considerable 
interest  can  be  studied  in  the  banks  and  bed  of  a  small  brook.  lt» 
position  is  approximately  indicated  by  an  arrow  on  the  Geological 
Survey  Map,  Sheet  xxxv. 

Section  in  Brook,  at  Standhill  Green,  Stinchcombe. 

1.  Limestone  mixed  with  marl.  ft.  ins. 

2.  Pale-yellow  marls  much  disturbed. 

3.  Estheria-hedf  2  to  6  inches      ..04    Zycopodifes  laneeolatm, 

Estheria  mitinta,  var. 
Urodieana, 

4.  Pale-yellow  marls    .     .     .    about    6    0    Full  of  shell-fragmeufc^. 


4 

^i 


^  Geol.  Mao.,  June,  1904,  pp.  272-276. 

'  Mem.  Geol.  Surr.,  *' Geology  of  East  Somerset  and  the  Bristol  Coalfields'' 
(1876),  p.  74  ;  see  also  "  SUurian  System,"  p.  449. 
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p  ft.  ine. 

da.  Shales,  dark,  marly     .    .    about    1    0    Shell -debris. 
55.  Limestone,  hard,  dark-grey,  arena-  |  ^    «  f  O^roUpia  Alberti  (scale), 
ceous,  0  to  3  inches     .     .     .     . )  \     Feeten  valommns. 

6.  Shales,  thickly  laminated    .  about    1    6    Cardium  eloaeinumf  Froto- 

cardimn  rhaUeum,  Sehi- 
zodui  Etcaldi,  Avieula 
eontorta,  Modiola  sp. 

7.  Limestone,     dark  -  grey,    almost  /  8ehizodu8,  Frotocardtum 

rabbly,  earthy,  2  to  3  inches     .    0    3  <     rhmtieum^  Fiamnojms 

(     alpina, 

8.  /  Shales,  black,  somewhat  firm,  seen    0    6 
I  iOap,} 

9.  <  Shales,  black,  thinly  laminated,  seen    2    0    Sehizodus  EtcaUU  {nre). 
10. 1  Shales,    black,    laminated,    with 

11.  \     yellow  streaks 19 

\  eum,  Avieula  eontorta. 

13.  Sandstone,  usually  Torfpyritic     .    0    1    Scales  and  teeth  of  (Tyro^^pw 

Aibertiy  Fletioaaurttt  (sniall 
tooth),  Aerodus  minimut  ? 

14.  Shales,  black,  often  sandy  ...    0    2 
16.    Sandstone^ 

sometimes 


e,  light-^prey,  calcareous,  \q    »  f  Gprolepit  Alberti  (scales), 
mes  pyiitic,  2  to  4  inches  j  \     casts  of  SchitodM  (P). 

Kbupbx.  L    *Tea-green  Marls,' seen.    ..18 

The  beds  from  the  'Tea-green  Marls'  to  No.  9  oan  be  studied 
la  the  side  of  a » small  pond.  Unfortunately  it  is  impossible  to 
obtain  the  exact  thickness  of  each  bed,  and  the  upper  portion 
of  the  section  is  considerably  obscured.  The  basement  bed  is 
a  conspicuous  stratuu^  of  grey,  calcareous  sandstone,  sometimes 
pyritic,  but  with  few  vertebrate-remains.  It  forms  the  bed  of 
the  brook  at  the  fence  near  the  little  pond.  Slightly  higher  up- 
stream a  thin  layer  of  very  pyritic  rock  oan  be  observed,  and  if 
a  piece  be  removed  will  be  found  to  be  separated  by  a  deposit 
of  shale  two  inches  thick  from  the  basal  BhaBtic  bed.  This  pyritic 
sandstone  (13)  occasionally  occurs  in  two  layers,  the  lower  being 
of  '  bone-bed '  nature.  When  conjoined,  the  inferior  portion  is  full 
of  fish-remains.  Immediately  above  are  dark-grey,  non-laminated 
shales,  crowded  with  specimens  of  Schizodua  Ewaldi,  especially  at 
the  base.  The  Lower  Fecten-hed  (7)  crops  out  in  the  stream, 
but  contains  few  fossils.  The  precise  thickness  of  the  shale-deposit 
intervening  between  this  bed  and  the  next  limestone  band  is 
uncertain.  Higher  up-stream  this  second  limestone  band  crops 
out,  and  the  shale  immediately  below  is  excessively  fossiliferous, 
the  specimens  being  very  well  preserved.  Cardtum  eloacinum  ia 
especially  abundant.  Bed  56,  however,  is  intermittent,  occurring 
sometimes  in  nodule-shaped  masses. 

In  order  to  study  the  lower  portion  of  the  Upper  Bhsdtic  Stage 
it  is  necessary  to  proceed  down-stream  again,  when  a  steep  portion 
of  the  bank  will  be  noticed  on  the  left-hand  side.  At  the  top  of  this 
bank,  under  the  roots  of  a  tree,  is  the  EaiTteria-hed.  The  phyllopod 
and  the  plant-remains,  however,  are  rare :  as  is  usually  the  case. 
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they  boonr  in  the  cream-ooloured  and   less  oompaot  portion  of 
the  bed. 

In  the  more  immediate  neighboarhood  of  Charfield  and  Wickwar 
the  Bhaatic  beds  crop  oat  in  the  sides  of  ramifying  valleys  of  moch 
pioturesqaeness,  but  few  deeply-out  lanes  traverse  their  sides,  and 
consequently  there  are  few  exposures  of  the  beds  under  oonsideration. 
In  a  field  a  quarter  of  a  mile  due  south  of  Neathwood  Farm  is  a  pond 
in  the  sides  of  which  limestones  and  grey  marls  are  exposed,  bot 
they  are  somewhat  disturbed.  No  distinctive  fossils  were  found, 
but  the  deposits  belong  probably  to  the  upper  portion  of  the  Upper 
Rhntic  Stage.  Fragments  of  a  slightly  conglomeratic  bed,  probably 
on  the  horizon  of  the  Cotham  Marble,  yielded  crushed  specimens 
of  Modiola  minima  and  PseudomonoHs  decussata  and  flsh-scalea 
(ZegnonotuB  cothamensia,  Egerton). 

Bed  Marls,  *  Tea-green  Marls,'  and  BhsBtic  black  shales  are 
exposed  in  the  sides  of  Chase  Hill  Lane.  Besting  directly  upon 
the  'Tea-green  Marls'  is  the  Bone -bed,  but  it  is  not  a  very 
extensive  deposit  at  this  locality,  since  one  or  two  masses  were 
all  that  rewarded  the  writer's  investigation.  But  these  are  crowded 
with  vertebrate-remains,  the  fish-scales  being  unusually  large.  The 
matrix  in  which  these  fossils  are  imbedded  is  a  hard,  grey,  crystalline 
limestone,  with  irregular,  but  nevertheless  conspicuously  rolled 
pieces  of  what  appears  to  be  'Tea-green  Marl'  marlstone  and  of 
less  oompact  green  marl.  Obscure  casts  of  a  Schizodus-type  of 
Lamellibranch  are  not  uncommon,  and  a  broad  form  of  Modiola 
was  also  recorded.  There  are  a  few  small  quartz-pebbles,  many 
coprolites,  Saurichthya  acuminatua,  Acrodua  minimua,  Hyhodus  minor, 
H.  eloaeinua,  Qyrolepia  Alberti,  and  many  other  remains  in  a  very 
fragmentary  condition.     Above  are  black  shales. 

About  half  a  mile  to  the  east  of  the  place  where  this  highly 
fossiliferous  bed  was  discovered  the  road  branches;  that  to  the 
right  leads  into  a  little  valley  and  crosses  a  brook  near  a  cottage. 
In  one  side  of  this  brook  shales  are  visible  underlain  by  a  greenish 
argillaceous  limestone  about  seven  inches  thick,  with  a  mammillated 
surface.  In  places  the  limestone  passes  into  marl.  This  bed  may 
be  the  equivalent  of  the  Eatheria-hed,  but  no  fossils  were  noted. 

Close  at  hand,  in  the  stream-side  to  the  east  of  the  cottage,  the 
Cotham  Marble  is  well  exposed,  and  this  is  the  most  northerly  point 
at  which  the  writer  has  noticed  it  in  its  typical  form. 

Section  keab  Chase  Kill,  Wickwae. 

ft.  ins. 
^Shales,  pale-green,  calcareous,  with  a 

few  tmn  himl  layers  near  base. 
Limestone,  dark,  earthy 0    1       Ostrea    liaanea,    Modiola 


1^ 
Pi 


Shale-parting 0 

Limestone,  murd,  dark 0    3}    Ostrea  Uasaiea  (abandaot), 


( 


minima  (abundant). 

>8trea  Uassiea  (abui 
Modiola  minima. 


Cotham  Marble.     The  top  portion  is 
very  rubbly;   the  remainder  a  good 
(     '  landscape  stone ' 0    5      Fish-scales  in  upper  portion. 
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A  little  farther  up  the  stream,  bluish-grey  shaly  olays,  with  layers 
of  earthy  nodules,  are  exposed.  About  three-sixteenths  of  a  mile  to 
the  south-west  of  the  cottage,  Cotham  Marble  can  be  seen  near 
a  spring. 

When  stone  is  required  for  mending  the  tracks  in  the  sylvan 
district  composed  of  Stoney bridge,  Bays,  Litley,  Workhall,  and 
Hawkesbury  Woods,  shallow  excavations  are  made,  and  the  Gotham 
Marble  is  usually  laid  bare.  It  is  present  here  in  its  typical  form, 
and  in  cracks  are  frequently  found  iron -pyrites  and  baryto- 
celestine,  whilst  in  the  upper  layers  of  the  marble  FseudamonoUs 
decussata  is  in  places  abundant.  In  a  quarry  near  the  brook  between 
Bays  and  Stoneybridge  Woods,  the  Cotham  Marble  has  been  worked, 
and  in  close  proximity  to  that  bed  must  be  limestones  with  Psiloeeras 
Johngtoni.  Above  are  clay-deposits,  such  as  were  noted  in  the  stream- 
side  near  the  cottage  to  the  north  of  Hawkesbury  Wood. 

The  section  in  the  lane  near  Stnrt  Bridge  referred  to  by  Murchison 
is  overgrown  now,  unless  it  be  that  in  Chase  Hill  Lane. 


IV.  —  On    some    Minob    British    Eabthquakbs   of    the   Yeabs 

1901-1903. 

By  Charles  Davison,  Sc.D.,  F.G.S. 

THE  number  of  earthquakes  originating  within  the  area  of  the 
British  Islands  during  the  three  years  1901-1903  is  37,  of 
-which  9  occurred  in  England,  20  iu  Scotland,  and  8  in  Wales.  In 
the  16  years  1889-1903  the  total  number  recorded  is  162,  39  in 
England,^  90  in  Scotland,  and  23  in  Wales.  So  far  as  I  know,  not 
a  single  undoubted  earthquake  has  originated  in  Ireland  during  this 
period ;  but  four  earthquakes  (the  Pembroke  earthquakes  of  1892 
and  1893,  the  Hereford  earthquake  of  1896,  and  the  Carnarvon 
earthquake  of  1903)  were  felt  in  many  of  the  eastern  counties. 

List  of  Earthquakes,  1901-1903. 

1901. — ^.July  9,  4.23  p.m.     Carlisle  (principal  earthquake). 
„       about  4.26  p.m.     Carlisle. 
„       4.46  p.m.     Carlisle. 
July  11,  about  11.10  p.m.     Carlisle. 
Sept.  16,  6.4  p.m.     Inverness. 

Sept.  18,  1.24  a.m.     Inverness  (principal  earthquake). 
„        about  1.36  a.m.     Inverness. 
„        about  2  a.m.     Inverness. 
„        about  2.30  a.m.     Inverness. 
„        about  3  a.m.     Inverness. 
„        3.66  a.m.     Inverness. 
„        9  a.m.     Inverness. 
Sept  23,  about  7.30  a.m.     Inverness. 

1  Excluding  the  slight  shock  felt  on  Aag.  27,  1895,  near  Blisland  (Cornwall), 
which  may  have  been  caused  by  a  fault-slip  precipitated  by  mining  operations. 
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Sept.  26,  11.40  a.m.     InverDess. 
Sept.  27,  1.47  p.m.     Inverness. 
Sept  28,  abont  4  a.m.     Inverness. 
Sept  29,  9.6  p.m.     Inverness. 
Sept  30,  3.39  A.m.     Inverness. 
Oct  1,  abont  4.35  aju.     Inverness. 
Oot  6,  4.24  a.m.     Inverness. 
Oct  13,  4.24  p. m.     Inverness. 
Oct.  22,  about  10.15  a.m.     Inverness. 
Nov.  15,  about  noon.     Inverness. 
1902.— April  13,  about  11.50  a.m.     Uessle  (East  Yorkshire). 

Oot  14,  5.15  p.m.     Strontian  (Inverness-shire). 
1903. — Mar.  24,  1.30  p.m.     Derby  (principal  earthquake). 

„        about  1.45  p.m.     Derby. 

„        about  5  p.m.     Derby. 
May  3,  9.22  p.m.     Derby. 
June  19,  about  4.25  a.m.     Carnarvon. 

„        10.4  a.m.     Carnarvon  (principal  earthquake). 

„         10.9  a.m.     Carnarvon. 

„         10.12  a.m.     Carnarvon. 

„         10.16  a.m.     Carnarvon. 

„         11.8  a.m.     Carnarvon. 
June  21,  8.6  am.     Carnarvon. 
July  1,  1.16  H.m.     Bala. 

The  four  series  of  earthquakes,  including  34  out  of  the  37  shocks 
recorded,  have  been  described  in  the  following  papers : — 

"The  Carlisle  Earthquakes  of  July  9th  and  11th,  1901 " :  Quart. 
Joum.  Qeol.  Soc,  vol.  Iviii  (1902),  pp.  371-376. 

<'The  Inverness  Earthquake  of  September  18th,  1901,  and  its 
accessory  shocks  " :  ibid.,  pp.  377-397. 

"The  Derby  Earthquakes  of  March  24th  and  May  3rd,  1903": 
ibid.,  vol.  Ix  (1904),  pp.  215-232. 

"  The  Caernarvon  Eaithquake  of  June  19th,  1903,  and  its  accessory 
shocks  "  :  ibid.,  pp.  233-242. 

The  other  three  shocks,  together  with  some  doubtful  or  spurious 
earthquakes,  form  the  subject  of  the  present  paper.  A  few  earth- 
shakes  in  mining  districts  (at  Camborne  on  June  4  and  10,  1902, 
and  Bamsley  on  October  25,  1903)  will  be  described  shortly  in 
a  separate  paper. 

Hesslb  Eabthquake:   Apeil  13,  1902. 

Time  of  occurrence,  about  11.50  a.m. ;  intensity,  4;  centre  of 
isoseismal  4  in  lat  53°  334'  N.,  long.  1°  11-5'  W. ;  number  of 
records,  34,  from  28  places,  and  77  negative  reoords  from  76 
places.     (Fig.  1.) 

Hessle  lies  on  the  north  shore  of  the  Humber,  about  4  miles  west 
of  Hull.  As  a  rule,  the  shock  was  felt  only  in  villages,  and,  as  it 
occurred  on  a  Sunday  during  the  morning  service,  I  have  found 
it  difficult  to  obtain  many  records.  The  only  isoseismal  that  can 
be  drawn  is  that  which  corresponds  to  the  intensity  4  (Fig.  1). 
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It  18  S4  miles  long,  22^  miles  wide,  and  abont  600  square  miles 
in  area.  Its  centre  lies  16  miles  south-west  of  Hessle,  the  longer 
axis  being  direoted  from  E.  26^  N.  to  W.  26^  S.  Odtside  the 
ieoseismal  4,  a  tremulous  motion  was  also  felt  under  favourable 
conditions  at  Clarborough  {Z\  miles  to  the  south),  Hull,  Beverley, 
and  Beeford  (2^,  7,  and  17  miles  to  the  north-east),  and  Leeds, 
Horsforth,  and  Kawdon  (24,  28,  and  30  miles  to  the  north-west). 
The  sound  was  also  heard  at  Clarborough,  Hull,  and  Horsforth. 

llie  shook  consisted  of  a  single  series  of  vibrations,  increasing 
in  intensity  to  a  maximum  and  then  dying  away,  llie  average- 
duration  of  the  shock  was  about  4  seconds. 
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Fio.  1.— Diagram  Map  of  the  Hessle  Earthquake:  April  13,  1902. 

The  sound  was  heard  by  96  per  cent  of  the  observers ;  and  was- 
compared  in  48  per  cent  of  the  records  to  passing  vehicles  of  various^ 
kinds,  in  38  per  cent,  to  thunder,  and  in  14  per  cent  to  wind.  The 
beginning  of  the  sound  preceded  that  of  the  shock  in  42  per  cent, 
of  the  records,  coincided  with  it  in  60,  and  followed  it  in  8  per 
cent. ;  the  end  of  the  sound  preceded  that  of  the  shock  in  10  per  cent., 
coincided  with  it  in  60,  and  followed  it  in  40  per  cent 

With  regard  to  the  origin  of  the  earthquake,  1  can  offer  no 
suggestion,  except  that  the  direction  of  the  originating  fault  was 
probably  about  E.N.E.  and  W.S.W.  On  the  Geological  Survey 
map  of  the  district  (Sheet  86)  only  one  fault  is  marked,  and  this 
is  4  or  6  miles  from  the  epioentre  and  inclined  to  the  longer  axis 
of  the  disturbed  area. 

Steomtian  Eabthquaks:   Oot.  14,  1902. 

Time  of  occurrence,  about  6.16  p.m. ;  intensity,  6 ;  centre  of 
isoseismal  6  in  lat  66^  44-4'  N.,  long.  6°  80-6'  W. ;  number  of 
records,  47,  from  38  places,  and  36  negative  records  from  33 
places.     (Fig.  2.) 
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The  curves  in  Fig.  2  represent  isoseismal  lines  of  intensities 
5  and  4.  The  former  curve,  which  is  the  less  accurately  drawn 
of  the  two,  is  88^  miles  long,  22  miles  wide,  and  670  square  miles 
in  area.  Its  centre  is  situated  4  miles  N.  10^  E.  of  Strontian,  and 
its  longer  axis  runs  from  E.  86°  N.  to  W.  86°  S.  The  isoseismal  4 
is  49  miles  long,  31  miles  wide,  and  contains  1,180  square  miles. 
Its  longer  axis  is  parallel  to  that  of  the  isoseismal  5 ;  the  distance 
between  the  two  curves,  as  drawn,  being  5  miles  towards  the  north- 
west and  4  miles  towards  the  south-east.  Outside  this  isoseismal, 
the  sound  was  heard  at  Einlochhourn,  Roy  Bridge,  and  Fasnacloioh, 
the  shock  being  also  felt  at  the  last-named  place.  All  three  places 
are  4  miles  from  the  isoseismal,  and  lie  respectively  towards  the 
north,  east,  and  south-east. 
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Fio.  2. — Diagram  Map  of  the  Strontiaii  Earthquake :  Oct.  14,  1902. 

The  shook  consisted  of  a  single  series  of  vibrations,  which 
increased  in  intensity  and  then  died  away,  the  average  duration 
of  the  movement  being  8  seconds. 

The  sound  was  heard  by  98  per  cent,  of  the  observer.  It  was 
compared  to  a  passing  train  or  heavy  vehicle  in  48  per  cent  of 
the  records,  to  thunder  in  48,  wind  in  8,  and  to  miscellaneous 
sounds  in  11  per  cent.  The  beginning  of  the  sound  preceded  that 
of  the  shock  in  71  per  cent,  of  the  records,  and  coincided  with  it 
in  29  per  cent. ;  while  the  end  of  the  sound  coincided  with  that 
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of  the  shook  in  40  per  oent.  of  the  reoords,  and  followed  it  in 
60  per  oent  In  every  ease  the  duration  of  the  sound  was  greater 
than  that  of  the  shock. 

We  may  infer,  from  the  seismio  evidence,  that  the  mean  direction 
of  the  oi*]ginating  fault  is  from  E.  d6'>  N.  to  W.  36^  S.  Its  hade  is 
probably  to  the  north-west,  and,  if  so,  the  fault  must  pass  a  short 
distance  to  the  south-east  of  the  centre  of  the  isoseismal  6,  and 
probably  not  far  from  Strontian.  It  is  possible,  however,  that  the 
course  of  the  isoseismal  5  is  not  drawn  with  sufficient  accuracy  to 
determine  the  hade  of  the  fault.  Mr.  Home  kindly  informs  me  that 
''the  ground  has  not  been  surveyed  west  of  Strontian,  but  the 
ground  between  Loch  Eil  and  Glen  Gower  has  been  finished  and 
west  to  Glen  Strontian."  No  faults,  he  adds,  have  been  detected 
in  the  position  indicated  above,  though  the  Great  Glen  fault  sends 
ofif  a  branch  along  the  west  side  of  Loch  Linnhe. 

Bala  Earthquake  :  July  1,  1903. 

Time  of  occurrence,  1.16  a.m. ;  intensity,  4 ;  number  of  records, 
10,  from  5  places,  and  3  negative  records  from  3  places. 

Most  of  the  records  on  which  this  brief  account  is  founded 
I  owe  to  the  kindness  of  Mr.  T.  Ruddy,  of  PaU,  near  Corwen. 
The  five  places  at  which  the  shock  was  felt  are  Bala,  Brynbwlan, 
Llandderfel,  Pal^,  and  Tynddynllan  (near  Llandrillo) ;  and  the 
three  places  from  which  no  records  are  forthcoming  are  Bryn 
Tegid,  Eryl  Aran,  and  Rhos-y-gwaliau.  All  of  the  first  five  places 
lie  close  to  the  great  Bala  fault,  and  it  is  probable  that  the  earthquake 
was  caused  by  a  slip  along  this  fault  or  one  of  its  branches.  The 
connection  with  the  fault  cannot,  however,  be  considered  as  proved ; 
for  the  observations  do  not  provide  sufficient  places  for  determining 
the  boundary  of  the  disturbed  area.  The  length  of  this  area  in 
the  direction  of  the  fault  is  about  7  miles. 

Mr.  Ruddy  described  the  shook  at  Pal^  as  consisting  of  a  single 
series  of  horizontal  vibrations,  lasting  4  or  5  seconds,  increasing  in 
intensity  to  a  maximum  and  then  dying  away,  the  direction  of  the 
movement  being  from  west  to  east.  It  was  accompanied  by  a  rushing 
noise,  which  other  observers  compared  to  thunder  or  the  beating 
noise  of  a  motor-car. 

Doubtful  Eabthquakes. 

Two  slight  shocks  were  felt  on  October  19  and  22,  1901,  in  the 
district  surrounding  Framlingham,  a  small  town  in  Suffolk  about 
14  miles  north-east  of  Ipswich. 

Framlingham  Earih-shake :  Oct.  19,  1901. — Time  of  occurrence, 
about  7.25  p.m. ;  intensity,  4 ;  centre  of  isoseismal  4  in  lat. 
62°  12-6'  N..  long.  1°  ISO'  E. ;  number  of  records,  18,  from  11 
places,  and  27  negative  records  from  23  places. 

With  one  exception,  the  places  where  the  shock  was  felt  are 
included  within  a  nearly  circular  area  6^  miles  long  from  east 
to  west,  6  miles  wide,  and  containing  31  square  miles.  Both  shock 
and  sound  were  observed  at  Rendlesham,  2^  miles  south  of  the 
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isoBeismal ;  and  the  sound  was  also  heard,  bat  no  shook  felt,  ai 
Dennington,  one  mile  north- west,  and  Earl  Soham,  3  miles  west, 
of  the  same  ourve.  The  oentre  of  the  isoseismal  is  situated  at 
a  point  one  mile  south-west  of  Swefling  and  15  miles  north-east 
of  Ipswioh. 

There  was  a  sudden  shook  followed  by  a  brief  tremulous  move- 
ment, lasting  for  a  few  seconds.  The  sound  was  heard  by  all 
observers,  three  of  whom  compared  it  to  passing  waggons,  eta, 
one  to  thunder,  one  to  the  fall  of  a  building,  three  to  the  fall  of 
a  heavy  body,  and  six  to  explosions  or  the  firing  of  a  heavy  gun. 
Thus,  9  out  of  14  observers  make  use  of  types  which  are  of  short 
duration. 

Framlingham  Earth-shake:  Oct.  22,  1901. — Time  of  ocourreoioe, 
about  9.15  a.m. ;  intensity,  4 ;  oentre  of  isoseismal  4  in  lat. 
52°  12-7'  N.,  long.  1°  15-2'  E. ;  number  of  records,  22,  from  13 
places,  and  27  negative  records  from  23  places. 

With  two  exceptions,  the  shook  was  felt  within  an  area  of  the 
same  dimensions,  and  almost  exactly  the  same  position,  as  in  the 
former  earth-shake.  The  shock  and  sound  were  noticed  at  Earl 
Soham,  3  miles  west  of  the  isoseismal  4;  the  shook  was  also  felt 
at  Snaps,  one  mile  to  the  south-east,  and  the  sound  was  heard  at 
Cretingham,  3^  miles  to  the  west. 

The  shock  was  similar  to  that  of  the  first  earth-shake,  consisting 
of  one  prominent  vibration  followed  by  a  tremulous  motion,  and 
lasting  altogether  about  3  seconds.  The  sound  was  heard  by  18 
out  of  20  observers,  and  was  compared  to  thunder  in  2  oases,  to 
the  fall  of  a  heavy  body  in  7,  and  to  explosions  or  the  firing  of 
heavy  guns  in  8  oases ;  15  out  of  17  comparisons  being  to  types  of 
short  duration. 

Origin  of  the  Earth-shahes. — While  1  am  unable  to  point  to  any 
definite  disturbances  as  the  cause  of  the  earth-shakes,  their  seismic 
origin  seems  to  me  doubtful  for  the  following  reasons : — 

(1)  The  shook  was  a  sudden  disturbance  followed  by  a  brief 
tremulous  motion. 

(2)  The  sound  was  compared  by  nearly  half  the  observers  to 
that  of  an  explosion  or  the  firing  of  a  heavy  gun,  and  by  more  than 
three-quarters  to  types  of  brief  duration. 

(3)  While  inquiries  were  made  throughout  the  surrounding 
district,  the  places  from  which  negative  records  come  are,  with 
one  exception  in  each  case,  absent  from  the  south-east  of  the 
disturbed  area. 

These  conditions  seem  to  me  to  point  to  the  firing  of  a  moderately 
heavy  gun  some  distance  to  the  south-east,  probably  in  the  neigh- 
bourhood of  Orford  Ness,  whioh  is  14  miles  S.E.  of  Framlingham. 
The  shook  and  sound  are  such  as  would  be  so  produced ;  and,  in 
the  immediate  neighbourhood,  would  be  assigned  at  once  to  their 
true  cause.  It  is  only  at  a  distance  of  some  miles  from  the  origin 
that  they  begin  to  lead  to  the  suspected  oocurrenoe  of  an  earthquake. 
From  the  intermediate  region  it  is  usually  difficult  in  such  oases  to 
obtain  any  records,  either  descriptive  or  negative*     It  is  known  that 
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gun-praotioe  is  oooasionally  oarried  oat  in  the  neigbbottrhood  of 
Orford  Ness ;  but  my  inquiries  (made  some  time  after  the  ooourrenoe) 
failed  to  establish  the  fact  in  this  case. 

Church  Strelton:  April  4,  1908. — A  slight  shock,  lasting  about 
S  seconds,  and  strong  enough  to  make  bedroom-ware  rattle,  was  felt 
at  about  2.30  a.m.  A  rumbling  noise  preceded  the  shook.  (I  am 
indebted  for  this  notice  to  Mr.  E.  S.  Gubbold,  F.G.S.) 

Pontefhury  {near  Shrewsbury):  May  8,  1903.  —  A  very  slight 
shock,  without  any  rumbling  noise,  was  felt  at  10.20  p.m.  at 
Pontesbury,  and  also  at  Worthen,  about  6  miles  to  the  west. 
(Information  received  from  Rev.  W.  J.  Lightfoot  Harrison.) 

Ilkley:  May  17,  1908.— At  4.50  a.m.  Mr.  H.  Stuart  Thompson 
heard  two  apparently  subterranean  reports,  like  distant  explosions, 
which  were  immediately  followed  by  a  shaking  of  about  2  seconds' 
duration. 

Saffron  Walden:  Nov.  1  and  6,  1903. — Under  the  heading  of 
**  spurious  earthquakes,"  referenoe  is  made  to  some  supposed  earth- 
quakes that  were  caused  by  the  explosion  of  fireworks  on  Nov.  1. 
Mr.  Gny  Maynard,  of  the  Museum,  Saffron  Walden,  to  whom  I  am 
indebted  for  this  information,  has  kindly  given  me  the  following 
notices  of  disturbances  which  were  distinct  from  those  caused  by 
the  fireworks.  On  Nov.  1,  at  7.10  p.m.,  three  distinct  series  of 
vibrations,  each  lasting  about  5  seconds  with  intervals  of  8  seconds 
between  them,  were  felt  at  Newport,  4  miles  south-west  of  Saffron 
Walden.  No  sound  was  heard  with  the  vibrations.  At  about 
8.45  p.m.  Mr.  Maynard,  while  walking  a  few  miles  from  Walden, 
heard  a  long  drawn-out  rumbling,  with  two  maxima  of  intensity, 
and  lasting  about  half  a  minute.  The  rolling  was  too  rapid  and  too 
loud  to  be  caused  by  a  train.  Again,  on  Nov.  6,  at  12.10  a.m.,  \he 
Serjeant  of  police  and  constables  on  night  duty  at  Walden  heard 
a  heavy  booming  noise,  lasting  about  half  a  minute,  and  causing  the 
pheasants  in  the  preserved  woods  round  the  town  to  cry  out  for 
about  five  minutes.  This,  or  a  similar  noise,  was  also  heard  at  the 
same  time  at  Stanstead  (9  miles  to  the  south  of  Saffron  Walden), 
with  the  same  effect  on  the  pheasants  in  the  neighbourhood. 

Spurious  Earthquakes. 

Channel  Islands  and  South  Devon:  April 24, 1901. — Between  1  and 
1.45  p.m.  five  reported  earthquakes  were  observed  in  Guernsey,  and 
eight  at  Paignton  in  South  Devon.  The  disturbance  bore  a  close 
resemblance  to  those  produced  by  the  firing  of  heavy  guns  at 
a  distance.  They  were  of  very  short  duration ;  windows  were 
shaken,  but  there  was  no  perceptible  tremor  of  the  ground.  Ob- 
servers in  Guernsey  compared  the  sounds  to  thunder  or  the  firing 
of  very  heavy  guns ;  but  those  on  the  English  coast  were,  as  a  rule, 
unconscious  of  any  sound.  Yet  the  impression  of  an  observer  at 
Salcombe  was  that  a  cannon  had  been  fired  to  the  south,  but  '*  tQO 
far  away  to  bring  the  noise.*'  Trials  with  heavy  guns  are  said  to 
have  been  made  along  the  coast  of  France  on  April  24  1  have  not 
succeeded  in  ascertaining  the  place  or  the  hour  of  the  firing;  but 
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there  is  little  doabt,  I  think,  that  the  reported  earthquakes  must 
have  been  due  to  a  cause  of  this  kind. 

West  Essex:  June  3,  1902. — Durinfc  the  night  of  June  3  several 
tremors  and  rumbling  sounds  were  observed  in  the  west  of  Essex 
and  parts  of  the  adjoining  counties.  The  times  given  range  frona 
about  11.15  to  11.45  p.m.  The  resemblance  to  earthquakes  must 
have  been  rather  close,  for  several  persons  accustomed  to  earth- 
quakes in  other  countries  were  convinced  that  they  were  of  seismic 
origin.  They  were,  in  fact,  caused  by  the  firing  of  very  heavy  gun» 
which,  as  I  am  informed  by  the  Garrison  Adjutant  at  Sheemesa, 
took  place  at  the  mouth  of  the  Medway  at  the  times  mentioned 
above.  In  the  north-west  quadrant,  the  places  from  which  records 
come  range  without  any  great  break  from  Chelmsford  (22  milea 
from  the  mouth  of  the  Medway)  to  North  Mimms  and  Elstree  in 
Hertfordshire  (46  miles)  and  Little  Shelford,  near  Cambridge 
(55  miles).  At  places  nearer  the  Medway  than  Chelmsford,  the 
disturbances  were  no  doubt  attributed  without  hesitation  to  their 
proper  cause. 

North  Wales:  June  6,  1903. — Three  distinct  shocks  were  felt 
about  8.10  p.m.  at  Llandudno  and  other  places  in  North  Wales,  and 
also  at  Skeriies  in  co.  Dublin.  So  closely  did  they  resemble 
earthquake  •  shocks  that  one  of  my  correspondents  in  Anglesey 
refused  to  believe  that  they  were  caused,  as  they  were  no  doubt 
caused,  by  practice  with  the  38-ton  gun  and  quick-firing  guns  at 
Seaforth  Battery,  near  Liverpool.  The  distance  of  Skerries  from 
Seaforth  is  128  miles. 

Saffron  Walden:  Nov.  1,  1903. — Loud  reports,  resembling  the 
tipping  of  bricks,  were  heard  at  12.20  a.m.,  at  about  1.40  p.m.,  and 
at  9.30  p.m.  They  were  extremely  local,  although  the  first  was 
heard  by  the  police  on  night  duty  at  a  distance  of  4  miles.  There 
was  no  vibration  with  them,  and  they  were  undoubtedly  caused,  as 
Mr.  Quy  Maynard  informs  me,  by  large  firewo^rks  or  dynamite 
exploded  by  a  young  Army  officer  in  the  town. 

In  addition  to  the  above,  a  few  disturbances  were  felt  that  were 
attributed  in  newspapers  to  earthquakes,  but  which  have  so  little 
resemblance  to  these  phenomena  that  they  should,  I  think,  be 
regarded  as  spurious  or  fanciful,  rather  than  as  doubtful,  earthquakes. 
Such  were  the  disturbances  reported  from  Cheadle  on  July  9,  1902^ 
and  Melton  Mowbray  on  Oct.  26,  1903. 


V. — On   Bouldebs  fbom  the   Cambbidgb  Dbift,  oollsctbd   by 
THE  Sedgwick  Club. 

By  E.  H.  Babtall,  B.A.,  F.G.S. 

DURING  the  past  two  years  the  Sedgwick  Club  has  been  at  work 
on  the  glacial  deposits  in  the  neighbourhood  of  Cambridge, 
with  special  reference  to  the  boulders  contained  therein.  As  usual, 
the  great  majority  of  the  boulders  are  of  local  origin,  but  far-travelled 
rocks  are  fairly  abundant,  and  several  hundred  specimens  which 
appeared  likely  to  be  of  interest  have  been  collected.     By  the 
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kindness  of  Professor  T.  MoK«nnj  Hughes,  F.B.S.,  about  fifty  of  the 
more  promising  types  have  been  sliced. 

An  examination  of  this  oolleotion  shows  that  a  laige  number 
oan  be  definitely  identified  as  belonging  to  oertaia  petrographical 
districts. 

Many  speoim^is  are  olearly  referable  to  the  Devonian  soda-bearing 
intrusions  of  southern  Norway ;  in  this  oonnection  special  mention 
must  be  made  of  the  rhomb- porphyry,  of  which  a  oonsiderabU 
number  of  typical  examples  have  been  collected  from  the  district 
lying  to  the  east,  south,  and  west  of  Cambridge. 

A  rather  coarse-grained  pink  rock  from  Pampisford  consists  of 
quartz,  felspar,  and  abmidaiit  ferromagnesiaa  minerals.  Praoticdly 
the  whole  of  the  felspar  is  perthite  of  various  kinds.  The  most 
common  coloured  mineral  is  a  green  pleochroic  soda-pyroxene, 
which  is  moulded  in  a  characteristic  way  on  the  quartz.  There 
are  also  a  good  many  small  crystals  of  a  deep  blue,  intensely 
pleochroic  mineral,  with  an  extinction  angle  up  to  14^.  This 
sometimes  occurs  in  parallel  intergrowth  with  the  pyroxene.  It 
is  identified  as  arfvedsonite.  This  slice  agrees,  down  to  the 
minutest  details,  with  Brogger's  soda-granite,  from  the  Ghristiania 
district 

A  specimen  from  Newnham  shows  quartz,  felspar,  and  long 
needles  of  ferromagnesian  mineral.  The  felspars  are  very  variable 
in  character,  and  include  all  types  of  perthite,  and  especially 
microcline-perthite.  The  coloured  mineral  is  chi^y  asgirine;  it 
occurs  in  very  long  needles,  with  a  very  low  extinction  angle. 
There  is  also  a  small  quantity  of  arfvedsonite,  like  that  in  the 
rook  last  described.  These  two  rocks  are  evidently  very  closely 
related. 

Another  coarse  granitic  rock  from  Newnham  contains  brown 
biotite  and  arfvedsonite,  and  is  evidently  nearly  related  to  Nord- 
markite.  A  slice  from  Barnwell  shows  the  peculiar  amphibole 
described  by  Brogger  as  kataphorite,  along  with  perthite  and 
abundant  nopheline.  Many  other  examples  contain  similar  charac- 
teristic minerals,  and  give  evidence  of  relationship. 

Besides  the  above-mentioned  rhomb-porphyries,  other  acid  and 
intermediate  intrusives  are  very  common,  and  in  thin  slices  they 
often  show  characters  that  seem  to  connect  them  with  the  Christiania 
family. 

The  commonest  type  of  quartz-porphyry  shows  large  corroded 
hexagons  of  quartz  and  phenoorysts  of  perthite,  together  with  some 
ferromagnesian  mineral  now  represented  by  irregular  aggregates 
of  deep  brown  and  strongly  pleochroic  biotite.  This  meth^  of 
alteration  also  occurs  in  some  other  slightly  different  rocks.  The 
groundmass  is  microcrystalline,  and  often  mioropoecilitia  This  rock 
is  identified  by  Professor  Sjdgren  as  coming  from  Dalecarlia. 

Another  common  porphyritic  rook  contains  abundant  phenocrysts 
of  felspar,  both  perthite  and  plagioclase,  with  a  few  rounded  quartz 
cnrstals,  in  a  microcrystalline  groundmass  of  quartz  and  felspar, 
with  numerous  radiating  groups  of  minute  crystals  of  tourmaline. 
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Porphyritio  lavas  of  intermediate  and  basio  oharaoter  are  very 
common  in  the  district,  and  many  of  them  can  safely  be  referred 
to  the  Old  Red  Sandstone  voloanio  series  of  the  Cheviots  and  central 
Scotland.  The  most  abundant  is  an  enstatite-augite-andesite  of  the 
usual  character. 

A  porphyrite  from  Lord's  Bridge  is  remarkable  for  having  a  great 
variety  of  porphyritio  minerals :  the  most  prominent  are  a  plagioclase 
near  to  oligoolase,  with  a  secondary  border  of  orthoclase,  original 
orthoclase,  biotite,  hornblende,  and  notably  sphene ;  the  groundmass 
is  microgranitic,  with  a  tendency  to  orthophyric  structure.  A  few 
rounded  quartz  grains  also  occur. 

Mr.  G.  Barrow  has  kindly  looked  over  some  selected  slices,  and 
he  identifies  half  a  dozen  of  these  as  belonging  to  the  Garlton 
plateau  and  Forth  district.  These  include  two  specimens  of  anal- 
cime  diabase  of  the  Forth  Valley  type.  Some  slices  of  olivine  basalt 
show  the  glomeroporphyritic  structure  which  is  so  characteristic  of 
this  series. 

A  rock  from  Pampisford  gravel-pit  proves  to  be  an  unusually 
fresh  example  of  a  very  basio  lava ;  it  is  a  porphyritio  rook  with 
phenoorysts  of  olivine  and  augite  in  a  groundmass  of  augite  and 
deep  brown  glass,  with  a  few  laths  of  felspar.  This  rock  must  be 
classed  as  a  limburgite ;  its  place  of  origin  has  not  been  identified. 

Enough  work  has  not  yet  been  done  to  enable  any  definite 
conclusions  to  be  drawn  as  to  the  glacial  phenomena  of  Cambridge* 
shire,  but  the  facts  here  shortly  summarised  are  sufficient  to  indicate 
the  presence  in  this  area  of  a  large  number  of  the  rock-types  which 
are  so  characteristic  of  the  glacial  deposits  of  other  districts  in  the 
east  of  England,  and  especially  many  of  the  best  known  Norwegian 
rocks.  So  far  no  rock  has  been  identified  from  the  Lake  District  or 
any  region  to  the  west  of  the  central  watershed  of  Great  Britain. 


YI. — EivKE  Capture  in  the  Don  System. 
By  the  Rev.  W.  Lower  Carter,  M.A.,  F.G.S.^ 

THE  river  Don  has  a  remarkable  semicircular  course.  Bising  in 
the  Middle  Grits,  west  of  Dunford  Bridge,  at  1,600  feet  ak>ve 
O.D.,  it  flows  eastwards  to  Peni8tone  (700^),  where  it  makes  a  bend 
to  the  south-east,  quickly  deepens  its  valley  to  600',  and  at  Wortley 
breaks  through  the  great  watershed  (1000')  of  the  Grenoside  and 
Whamcliffe  grits.  It  then  receives  the  Little  Don,  the  Ewden, 
and  the  Loxley,  on  its  right  bank,  and  falls  into  the  valley  of 
the  Sheaf  at  Sheffield  (160').  The  Don  then  makes  a  rectangular 
bend  to  the  north-east,  following  the  old  valley  of  the  Sheaf  to 
Conisborough,  receiving  the  Bother  on  its  right  bank  at  Botherham 
(87')  and  the  Dearne  on  its  left  bank  at  Denaby  (45').  It  then 
traverses  the  Magnesian  Limestone  escarpment  in  a  fine  gorge,  and 

>  Paper  read  before  the  Britiah  Association,  Cambridge,  Section  C  (Geology), 
Augnst,  1904. 
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continues  past  Donoaster  in  a  north-easterly  direction  to  Thome, 
where  it  bends  northward  towards  the  Aire.  It  has,  however,  been 
artificially  diverted  by  the  Dutch  River  to  the  Ouse  at  Goole. 

The  history  of  the  present  river  course  is  presumed  to  have 
commenced  when  the  Pennine  anticlinal  rose  from  the  Cretaceous 
sea,  and  the  original  consequent  streams  commenced  to  run  down 
the  dip-slope  of  the  Chalk.  Slack  Beck  (Broadstone  Dyke),  which 
is  diverted  south-east  at  Ingberch worth  by  a  tributary  of  the  Don, 
is  considered  to  be  the  head-stream  of  the  brook  that  runs  by 
Cawthorne,  only  a  narrow  dip  in  the  watershed  dividing  them. 
The  Don  at  Penistone  {IQQf)  faces  a  watershed  of  700  feet,  which 
forms  a  dip  between  Hoyland  Swaine  (900^)  and  Thurgoland 
{SIO').  Immediately  beyond  this  watershed  are  the  head- waters 
of  the  Dove,  flowing  eastward  in  direct  continuation  of  the  course 
of  the  Don  above  Penistone.  The  Dove  is  thus  considered  to  be 
the  beheaded  remnant  of  the  Don.  The  southerly  bend  of  the 
Don  and  the  cutting  of  the  Whamoliffe  gorge  are  explained  as 
due  to  river  capture  by  a  feeder  of  the  Sheaf.  This  Wharnoliflfe 
stream,  with  a  rapid  fall  to  the  Sheaf,  was  able  to  capture 
euccessively  the  Loxley,  the  Ewden,  and  the  Little  Don,  and  then 
the  watershed  at  Wortley  was  attacked  by  a  branch  of  this  stream, 
and  on  the  other  side  by  a  feeder  of  the  Don.  As  the  watershed 
was  cut  through,  the  Wharnoliffe  stream,  by  reason*  of  its  steeper 
fall,  captured  the  Wortley  feeder  of  the  Don  and  then  the  Don  itself. 

(2)  The  Deame. — At  a  very  early  date  the  Bretton  stream  must 
have  been  captured  by  the  Darton  feeder  of  the  Cawthorne  stream, 
as  it  flows  straight  at  the  Wool  ley  Edge  escarpment  (527'),  and 
therefore  must  have  been  captured  before  the  land  was  reduced  to 
this  level.  The  Deame  flows  eastwards,  by  Barasley  to  Gudworth 
Common,  where  it  makes  a  rectangular  bend  southwards,  and  cutting 
through  the  Upper  Ghevet  Rock  (225')  at  Darfield,  enters  the  old 
valley  of  the  Dove  (100').  This  gorge  at  Darfield  proves  the 
extension  of  the  225-foot  contour  eastwards,  towards  Hickleton, 
forming  the  watershed  between  the  Deame  and  the  Dove,  and  there 
is  an  old  river  valley  at  Prickley  (200')  between  Clayton  and 
Hickleton,  which  was  probably  the  original  course  of  the  Dearne, 
which  flowed  through  Hampole  gorge  into  the  central  plain.  The 
Darfield  gorge  is  a  case  of  river  capture  by  a  feeder  of  the  Dove. 
The  Dove  itself  had  probably  been  captured  by  the  Sheaf  at  a  period 
before  the  present  level  of  the  Magnesian  Limestone  escarpment  was 
reached  by  denudation. 

(3)  The  Bother. — The  original  consequents  of  the  Rother  are  Shire 
Brook,  the  Moss,  and  the  Staveley  stream.  The  Shire  and  Moss 
probably  coalesced  and  formed  the  head -waters  of  the  Ryton.  The 
two  gorges  (380')  uniting  at  Eiveton  are  plainly  traceable,  and  have 
subsequently  been  used,  in  all  probability,  as  a  channel  of  glacial 
overflow.  The  Moss  must  have  captured  the  Staveley  stream  before 
it  was  itself  captured  by  the  Rother. 

The  whole  inner  Don  system  is  thus  explainable  by  a  series  of 
river  captures,  due  to  the  deep  cutting  of  its  valley  by  the  Sheaf, 
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and  its  oonseqnent  predominant  power  ia  capturing  consequent 
streams  north  and  south. 

The  northwards  bend  of  the  Don»  after  its  entrance  into  the 
central  plain,  is  due  to  river  capture  by  a  feeder  of  the  Aire.  The 
course  of  the  old  Don  river  from  Thorae,  along  the  north  side  of 
Hatfield  Chase  to  Adiingfleet  on  the  Trent,  is  clearly  traceable,  and 
was  the  previous  channel  of  the  nver  before  its  artificial  diversion 
by  the  Dutch  Biver  to  Goole. 


VII. — The  Glaoiation  of  the  Don  and  DtARNc  Valleys. 
By  the  Eev.  W.  Lower  CAaTBR,  M.A.,  F.G.S.* 

IN  studying  the  geological  history  of  the  rivers  of  the  Don  system, 
my  attention  was  specially  directed  to  the  e-videnoes  of  glacial 
action  in  the  area,  with  the  object  of  ascertaining  whether  glactation 
had  anything  to  do  with  the  interesting  diversions  of  the  Don. 
Deame,  and  Dove.  Certain  valleys  in  the  area,  also,  attracted  my 
attention  as  possessing  abnormal  features  with  respect  to  the  present 
drainage  of  the  district,  and  I  began  to  inquire  what  their  rehttions 
Alight  be  to  an  altered  system  of  drainage  during  the  Glacial  Period, 
The  present  paper  is  an  attempt  to  piece  together  the  scattered 
glacial  evidence,  and  to  ascertain  the  effect  that  the  advance  of 
a  glacier  from  the  north  and  north-east  would  have  on  the  drainage 
of  this  district,  and  how  far  the  present  valleys  would  help  to 
explain  the  water-flow  under  such  conditions. 

1.  The  Olaeial  Deposits  of  the  Don  System. — Tliese  are  fragmentary 
and  scattered,  and  probably  but  relics  of  considerable  deposits  of 
drift  There  are  two  considerable  areas  covered  with  true  Boulder- 
day  in  this  district — one  at  Stainoross,  Carlton,  and  Royston,  near 
Barnsley,  and  the  other  at  Balby,  near  Doiicaster — each  fiiling^ 
8(  small  valley  which,  since  the  Glacial  Period,  has  been  slightly 
removed  from  the  line  of  direct  drainage,  and  hence  has  escaped 
denudation. 

The  Staincross  Boulder-clay,  as  described  in  the  "  Memoir  on  the 
Yorkshire  Coalfield,"  consists  of  two  beds  of  stiff,  unstratified  till, 
separated  by  a  thin  seam  of  warp  and  sand,  the  lower  oontaining^ 
only  boulders  of  Carboniferous  Sandstone  and  Limestone,  chert,  and 
a  blue,  close-grained  trap.  The  upper  bed  is  more  sandy,  and  on 
the  snrflAce  have  been  found  many  erratics,  including  a  large  Shap- 
^nite  (25  cwt.),  Armboth  felsite,  Threlkeid  quartz  •  poi*phyry, 
andesitic  ash,  rhyolite,  etc.  These  beds  fill  a  hollow  cut  out  of  the 
Woolley  Edge  Bock ;  the  junction  is  much  shattered  and  smashed, 
flftid  large  blocks  of  the  sandstone  are  embedded  in  the  clay.  The 
Yorkshire  Boulder  Committee  report  that  the  country  to  the  north 
aCnd  east  of  this  patch  is  covered  with  erratics,  and  similar  Boulder- 
days  are  found  at  Burton  Grange,  near  Bamsley,  and  at  Ardsley,  on 
the  opposite  side  of  the  river  Deame.    Mr.  Walter  Hemingway,  of 

^  Paper  read  before  the  British  AssooiatioB,  Cambridge,  Seofioii  C  (Geology),. 
August,  1901. 
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Barnsley,  has  reoentlj  traoed  two  tongaes  of  tihis  drift  into  the  valley 
of  the  Dearne,  and  has  reoorded  a  section  of  oontorted  shale  wit^ 
pockets  of  erratics  from  the  excavation  for  the  Bamsley  gasometer. 

The  Balby  Boulder-clay  covers  an  area  of  about  five  acres  in 
extent.  It  occupies  part  of  a  small  valley  in  the  Magnesian  Lime- 
•tone,  which  previously  was  filled  with  Bunter  Sandstone.  In  three 
large  pits  a  magnificent  section  of  40  feet  of  stiff  till  is  shown 
which  has  yielded  many  erratics,  including  a  Shap  granite  (2  cwt), 
andesites  aud  andesitic  breccias,  Eskdale  granite,  St  John's  Vale 
quarts-porphyry,  Oarboniferous  Limestone,  chert,  Millstone  Qrit,  etc. 
The  Bunter  Sandstone  on  which  this  till  is  seen  to  rest  has  been 
scooped  out  to  form  a  clean,  level  floor,  without  any  sand  or  gravel 
intervening  nnder  the  clay.  In  the  excavations  for  the  workhouse 
a  section  of  this  till  showed  masses  of  Bunter  sandstone  torn  off  and 
embedded  in  the  till. 

About  half-way  along  the  arc  joining  Staincross  and  Balby  is 
another  patch  of  Boulder-clay  at  Adwick-on-Deame,  containing 
Carboniferous  Sandstone,  quartzite,  felstone,  and  encrinital  chert. 
Close  to  this  patch  was  found  a  third  boulder  of  Shap  granite 
(15  cwt).  Contiguous  to  this  zone  are  several  patches  of  gravel 
containing  Carboniferous  Sandstone  with  quartzite  and  chert,  and 
a  boulder  of  ganister  lies  on  the  summit  of  Wombwell  Hill. 

Beyond  and  to  the  south  of  this  zone  are  several  scattered  patches 
of  drift.  At  Barbot  Hall,  about  one  mile  north  of  Botherham,  is 
a  little  hill  covered  with  clay  containing  pebbles  of  quartz,  sand- 
stone. Carboniferous  Limestone,  and  Oolitic  rocks.  At  Masbrough 
sand  and  gravel  are  found  containing  pebbles  of  Carboniferous 
sandstone  and  quartz  rock,  and  at  Sitweli  Yale,  one  and  a  quarter 
mile  south  of  Eotherham,  is  a  clay  with  pebbles  and  boulders  of 
Carboniferous  Sandstone.  Near  Hooton  Roberts  are  three  or  four 
patches  of  gravel  containing  Carboniferons  Sandstone,  with  quarts, 
quartzite,  and  black  chert. 

At  the  western  entrance  of  the  gorge  of  the  Don,  at  Conisb(Mrougfa, 
a  bed  of  Boulder-day  (about  15  feet  thick)  is  shown  at  the  Ashfield 
Brick  Works  (225  feet  above  CD.),  including  Lake  Country  andesites, 
Carboniferons  Limestone,  a  talcose  schist  with  garnets,  and  other 
rocks.  About  the  same  level,  on  the  opposite  side  of  the  gorge,  at 
Cadeby,  is  a  patch  of  drift  with  Carboniferous  Limestone  blocks. 
Mr.  H.  H.  Corbett,  of  Doncaster,  has  also  kindly  told  me  of  a  secticm 
of  Boulder-day  recently  exposed  in  the  valley  between  the  railway 
station  and  Conisborough  Castle.  At  Sprotborough  and  Cusworth, 
ou  the  north  side  of  the  gorge  of  the  Don,  are  patches  of  drifted 
sand  and  pebbles,  and  from  the  fields  have  been  ploughed  up  small 
boulders  of  diorite,  basalt.  Mountain  Limestone,  ganister,  and  quartz- 
porphyry.  At  Hexthorpe  Flats,  near  Doncaster,  striated  Car- 
boniferous Limestone  with  encrinites  has  been  found,  and  between 
Hexthorpe  and  Balby  the  ground  is  covered  with  drifted  pebbles 
and  fragments  of  limestone.  The  Magnesian  Limestone  escarpment 
south  of  Conisborough  is  strewed  for  some  miles  with  patches  of 
drifted  pebbles  of  quartz,  sandstone,  and  Trias. 


Digitized  by  VjOOQ  IC 


548    Bev.  W.  Lower  Cart^^ — Olaciation  of  Don  Failei/Sy  etc. 

This  evidenoe  points  to  glaciation  from  the  north  and  north-east 
bj  two  movements  of  ioe.  Two  distinct  tills,  separated  by  warp  and 
pockets  of  sand,  are  found  at  Stainoross,  the  lower  with  Carboniferon* 
boulders  and  the  upper  with  Lake  Country  rocks.  The  drift  patohes 
are  also  of  two  kinds,  one  set  being  of  a  specially  Carboniferoo* 
type  and  the  other  rich  in  Lake  Country  rocks.  It  is  the  latter 
type  that  forms  the  Conisborough  and  Balby  clays.  In  the  Balby 
pits  there  is  also  found  a  large  percentage  of  Middle  Coal-measure 
material,  which  forms  a  perplexing  mixture  to  explain. 

The  author  suggests  that  there  was  a  double  glaciation  of  this 
area  early  in  the  Glacial  Period,  first  by  Pennine  ice,  and  secondly 
by  the  Tees  glacier. 

It  seems  probable  that  at  the  commencement  of  the  Qlacial  Period, 
before  the  Irish  Sea  was  filled  with  ice,  the  Pennine  Chain  was  an 
area  of  great  snowfall,  and  extensive  glaciers  were  formed  in  the 
valleys  of  Western  Yorkshire.  These  glaciers  would  probably  send 
down  considerable  streams  of  ice  into  the  central  plain,  laden  with 
Mountain  and  Yoredale  limestones,  cherts,  ganisters,  and  Car- 
boniferous sandstones.  As  the  Glacial  Period  advanced  the  pressure 
of  the  Norwegian  ice  forced  the  Tees  glacier  into  the  Vale  of  York, 
and  this  in  its  turn  would  push  back  the  Pennine  ice  into  the 
lowlands  of  Airedale  and  over  the  low  watershed  between  the 
Aire  and  Don,  inside  the  Magnesian  Limestone  escarpment,  where 
it  spreads  out  westwards  and  southwards  as  far  as  Stainoross, 
Botherham,  and  Conisborough.  This  seems  to  have  been  the  line 
of  farthest  extent  of  this  glacier,  which,  though  it  interfered  for 
a  time  with  the  drainage  of  the  Don,  does  not  appear  to  have  passed 
through  the  gorge  at  Conisborough. 

The  country  south  of  Frickley  has  undergone  extensive  denudation 
since  the  cutting  of  the  Darfield  gorge,  and  it  seems  probable  that 
this  was  effected  by  this  ice,  and,  on  its  northward  retreat,  by  the 
deflected  drainage  of  the  Aire  and  Calder,  which,  as  its  course 
eastwards  would  still  be  blocked  by  the  advancing  Tees  glacier, 
would  find  a  ready  route  of  flow  through  Frickley  gorge.  Thus 
a  large  quantity  of  Middle  Coal-measures  material  must  have  been 
carried  through  the  Conisborough  gorge  into  the  plain  at  Donoaster, 
and  would  probably  be  suitably  situated  for  the  second  glacier  to 
carry  forward  to  Balby.  As  it  has  been  suggested  that  this  material 
might  be  due  to  a  glacier  moving  down  the  valley  of  the  Sheaf  from 
Dore  and  Totley,  this  question  has  been  carefully  considered.  The 
geological  surveyors  do  not  record  any  drift  in  the  valley  of  the 
Sheaf,  and  a  careful  search  of  the  6-inch  contour  maps  has  not 
disclosed  any  valleys  which  could  have  carried  off  the  drainage  of 
the  upper  Don  if  it  had  been  obstructed  by  such  a  glacier  at  Sheffield. 
It  is  therefore  concluded  that  no  glacier  capable  of  advancing  to 
Conisborough  was  formed  in  the  valley  of  the  Sheaf. 

The  retreat  of  the  first  glacier  may  have  been  due  to  a  lessening 
of  the  snowfall  on  the  Pennine  watershed,  owing  to  the  shifting  of 
the  area  of  greatest  precipitation  to  the  west  of  the  Pennine  Chain 
as  the  Irish  Sea  became  filled  with  ice.    The  evidence,  then,  points 
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to  a  second  invasion  of  the  Don  and  Dearne  Valleys  by  ioe,  the 
stream  this  time  oomiug  principally  from  the  Tees.  This  glacier, 
which  had  advanced  down  the  central  plain,  was  now,  by  the  retreat 
of  tlie  Pennine  ice,  enabled  to  push  over  the  Aire-Don  watershed 
and  Magnesian  Limestone  escarpment  Westwards  it  abutted  against 
the  high  land  of  WooUey  Edge,  and  sent  down  a  lobe  of  ice  at 
Staincross  and  Monk  Bretton  into  the  valley  of  the  Deame.  This 
second  glacier  does  not,  however,  seem  to  have  advanced  far  south 
of  the  fiarnsley-Adwick-Conisborough  curve,  and  laid  down  the 
upper  clay  of  Staincross,  the  Shap  granites  of  Boyston  and  Adwick, 
and  the  numerous  Lake  Country  erratics  of  the  district  to  the  north 
and  east  of  the  Dearne.  This  glacier  seems  to  have  advanced  over 
the  Magnesian  Limestone  with  a  south-westerly  movement,  gradually 
closing  the  gorge  of  the  Don  and  carrying  the  material  of  denuded 
Bunter  and  limestone  beds  over  the  escarpment  to  the  south  of 
Conisborough,  of  which  the  pebble  drifts  are  the  relics. 

This  movement  does  not  appear  to  have  extended  much  fiftrther 
southwards,  as  the  Eiveton  gorge  seems  to  have  presented  a  clear 
course  for  the  overflow  of  the  lake  formed  by  the  damming  back  of 
the  drainage.  The  second  glacier  appears  to  have  retreated  north 
of  the  Aire  before  the  overflows  at  the  head  of  Galderdale  were  in 
full  swing.  The  Don  and  Deame  valleys  were  therefore,  in  all 
probability,  clear  of  ice  during  the  later  part  of  the  Glacial  Period, 
and  have  been  subjected  to  enormous  denudation,  both  during  the 
Glacial  Period  and  since,  which  has  cleared  away  the  bulk  of  the 
Boulder-day  and  only  left  relics  of  previously  widespread  deposits. 

2.  Glacial  Lakes  and  Overflow  VaUeys. — Such  a  series  of  glacier 
movements  as  has  just  been  indicated  would  divert  the  normal 
drainage  of  the  district  and  produce  lakes  in  the  valleys  thus 
dammed  up.  The  Boulder-clay  at  Ashfield's  Pit,  and  near  the 
railway  station  at  Conisborough,  and  at  Cadeby,  on  the  opposite 
side  of  the  Don,  shows  that  this  gorge  must  have  been  filled  with 
ice  up  to  the  225- foot  contour.  The  scattered  patches  of  drift  from 
Edlington  to  Clifton  and  Braithwell,  reaching  up  to  400  feet, 
indicate  that  the  gorge  was  entirely  closed  above  the  350-foot 
contour.  This  is  the  general  height  of  the  Midland  watershed  of 
the  Don  system,  and  is  only  broken  through  at  one  point  south 
of  Conisborough,  the  Eiveton  Valley  (830  feet),  near  the  middle  of 
which  one  of  the  sources  of  the  river  By  ton  takes  its  rise.  These 
considerations  warrant  one  in  assuming  the  existence  of  a  great 
glacial  lake,  rising  to  the  level  of  the  330- foot  contour  to  the  west 
and  south,  and  dammed  back  by  ice  from  Conisborough  to  Bamsley. 
This  lake  would  overflow  by  the  Eiveton  gorge  towards  Worksop. 
One  cannot  expect  to  find  abundant  evidences  of  lake  deposits  in  an 
area  which  has  suffered  so  severely  by  denudation  as  this ;  but  the 
geological  surveyors  map  from  4  feet  to  9  feet  of  brick-earth  and 
clay  resting  on  gravel  at  Parkgate,  and  from  3  feet  to  7  feet  of  brick- 
earth  near  Wombwell.  These  indicate  a  lake  both  in  the  Don  and 
Dearne  valleys,  covering  up  the  old  river  gravels. 

Following  this  line  of  argument,  and  taking  the  various  patches 
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of  drift  as  the  relics  of  moraineB,  and  therefore  as  indioations  of 
periods  of  rest  in  glacial  movement,  I  have  attempted  to  map  out 
the  lakes  that  would  he  produced  at  the  different  positions  of  the 
ioe-front»  and  have  examined  the  watersheds  to  see  if  overflow 
channels  existed  such  as  would  be  necessary  to  drain  sudi  lakes. 
The  whole  has  been  plotted  out  on  the  6-inch  contoured  maps,  by 
which  the  results  have  been  carefully  tested,  and  a  series  of  lakes 
made  out  discharging  successfully  over  cols  from  175  feet  to  336  feet 
above  O.D.  These  overflow  valleys  are  not  of  the  type  so  character- 
istic of  Cleveland  and  the  Cheviots.  The  long  period  of  subaerial 
denudation  to  which  they  have  been  subjected  has  worn  back  their 
sides  BO  that  they  are  now  V*shaped,  but  they  are  streamleeB 
either  in  whole  or  in  part,  and  often  the  nearest  streams  cut  acroes 
their  ends. 

In  spite  of  this  weathering  back  there  has  probably  been  little 
alteration  of  their  level,  and  their  present  levels  may  be  taken 
approximately  as  those  of  the  Glacial  Period.  Some  of  them  are 
strike-valleys  formed  by  the  denudation  of  the  shales  between  tbe 
outcrop  of  a  bed  of  Carboniferous  Sandstone  and  the  dip  slope  of 
a  lower  g^t  The  objections  against  sudi  valleys  as  overflows  have 
been  carefully  considered,  but  as  the  movement  of  the  ice  seems  to 
have  brought  its  margin  parallel  to  the  general  strike  of  the  Coal- 
measures  of  this  area,  it  is  natural  that  the  deflected  drainage  should 
sometimes  escape  by  such  routes.  In  considering  the  course  of  the 
first  glacier,  it  seems  probable  that  it  would  dam  up  the  Deame  at 
Ardsley  and  form  a  lake  overflowing  by  the  Stairfoot  valley  at 
175  feet  A  forward  movement  would  carry  it  to  the  Woinbwell 
ridge,  and  the  overflow  would  be  by  the  Wombwell  and  Swinton 
strike-valleys.  Further  south  the  ice  would  probably  abut  against 
the  projecting  spur  of  the  350-foot  contour  west  of  Rawmarsh,  and 
hence  would  form  a  lake  about  that  level  stretching  up  to  Elseoar, 
Cawthorne,  and  Bretton.  In  searching  the  watershed  for  a  possible 
overflow  for  such  a  lake,  a  narrow  cut  through  the  350-foot  contour 
was  found  at  the  head  of  the  Wentwortb  WwKlhonse  valley,  sloping 
back  to  the  400-foot  contour  on  each  hand,  and  with  a  little  stream 
running  across  each  end  at  right  angles  to  the  direction  of  the  col. 
By  this  valley  at  335  feet  the  Elsecar  lake  would  be  discharged  into 
a  smaller  lake  held  up  by  the  ice  in  the  Wentworth  Woodhouse 
valley.  When  the  ice  laid  down  the  Masbrough  and  Sitwell  Yale 
patches  of  drift  the  Bother  valley  would  be  blocked,  and  the  glaoial 
drainage  would  be  discharged  round  tbe  lobe  of  ice  by  channels  at 
Grea8lK>rough  and  Sitwell  Vale  at  275  feet,  and  thence  into  the  Don 
by  the  Hooton  Boberts  valley  (180  feet).  A  slight  forward  move- 
ment of  the  ice  to  the  gravel  patches  east  of  Hooton  Boberts  would 
close  that  valley  and  canne  the  drainage  to  discharge  by  a  col  on 
Conisborough  Parks  at  260  feet. 

The  second  glacier  does  not  seein  to  have  advanced  far  beyond 
the  curved  line  stretching  from  Bamsley  through  Adwick-on-Deame 
to  Conisborough.  This,  by  damming  the  Dearne  at  Ardsley,  would 
re-form  the  Bamsley  lake,  discharging  over  the  Stairfoot  ool  at 
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175  feet  This  drainage  would  then  esoape  by  a  narrow  notch 
between  Adwidc*on-Deame  and  Swinton  into  the  Don  at  Mex* 
borough. 

A  further  advance  would  bring  the  Wombwell«Swinton  valleys 
into  use  as  overflows,  and  the  Hooton  Roberts  valley  would  be  the 
route  into  the  Don.  The  damming  of  the  Deame  at  Bamsley  by 
a  lobe  of  ice  would  bring  into  use  a  oouple  of  small  valleys  at 
Bamsley  as  overflow  channels.  The  gradual  advance  of  the  ice 
across  the  Conisborough  gorge  would  cause  the  blocking  of  ihe  Don, 
with  the  formation  of  a  constantly  enlarging  lake,  which  would 
overflow  first  by  the  Hooton  Boberts  valley  (180  feet),  and  then 
by  a  series  of  cuts  through  the  275-foot  contour  on  Conisborough 
Parks,  first  draining  into  the  Don  behind  Castle  Hill,  then,  as  l£e 
Warmsworth  watershed  was  reached  by  the  ice,  into  the  Balby 
valley,  and,  when  this  was  closed  by  the  ice,  over  the  low  watershed 
into  the  Loversall  valley. 

The  further  advance  of  the  ice-front  to  Edlington  caused  a  shallow 
cut  to  be  made  through  the  800-foot  contour,  discharging  into  the 
Loversall  valley  and  thence  into  the  Trent  This  channel,  which 
bends  round  in  a  semicircle,  became  the  permanent  course  of  the 
Wads  worth  drainage  on  the  retreat  of  the  ice,  the  old  channel  at 
Balby  having  been  filled  up  with  till.  When  the  ice  rose  above  the 
3dO-foot  contour  the  gorge  of  the  Don  was  entirely  closed,  and  the 
drainage  of  the  great  lake,  reaching  from  Bretton  Park  and  Caw- 
thome,  north  of  Bamsley,  to  Clay  Cross  and  Heath,  south  of 
Chesterfield,  would  all  be  discharged  by  the  Eiveton  gorge  into  the 
river  Byton. 

This  explanation  may  be  thought  to  rest  too  largely  on  suggestions, 
but  where  the  evidence  is  so  scattered  and  imperfect  it  is  difficult  to 
see  how  this  can  be  avoided  if  any  explanation  is  to  be  attempted. 


J5rOTIC3QS    OF    3i^E]^^OI»S,    ETC. 


I. — Note   on   Lowbb   Cbbtaobous    Phosphatio-bbds  and   thew 
Fauna.    By  G.  W.  Lamplugh,  F.G.S.^ 

IT  has  been  customary  to  regard  the  fossils  more  or  less  imperfectly 
preserved  in  the  condition  of  phosphatic  casts  in  different  parts 
of  the  English  Loweiv  Cretaceous  series  as  derivative  from  the 
Jurassic  rocks.  In  previous  papers  the  writer  has  brought  forward 
evidence  to  show  that  the  fauna  of  such  beds  at  Speeton  and  in 
Lincolnshire  is  not  derivative,  but  occurs  at  its  proper  horizon  and, 
so  far  as  it  goes,  indicates  the  life  of  the  period.  Personal  investi- 
gation of  the  localities,  and  of  the  fossils  obtained  from  the 
'  coprolite-beds  *  at  Upware,  Potton,  and  Brickhill,  has  led  him  to 
conclude  that  in  these  deposits  also  the  greater  part  of  the  so-called 
derivatives  are  really  of  Lower  Cretaceous  age.    Thus,  one  of  the 
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most  abundant  phosphatio  fossils  of  these  plaoes  is  the  ammonite, 
usually  fragmentary,  which  has  habitually  been  named  Amm,  biplex, 
but  belongs  in  almost  every  case  to  one  or  another  of  several  allied 
species  of  Lower  Cretaceous  Oloostephani.  Most  of  the  lamelli- 
branchs  can  likewise  be  best  matched  by  Lower  Cretaceous  forms  r 
and  there  are  good  grounds  for  suspecting  that  many  of  the  Saurian 
and  fish  remains  from  the  above-mentioned  places  and  from  the 
Faringdon  'Sponge-Gravels'  which  have  been  classed  as  Jurassic 
are  true  Lower  Cretaceous  forms. 

It  is  acknowledged  that  the  presence  of  transported  pebbles  of 
older  rocks  in  the  deposits  at  Upware,  Potton,  and  Faringdon 
renders  the  occurrence  of  derivative  fossils  at  these  places  more 
probable  than  in  the  case  of  the  Speeton  and  Lincolnshire '  coprolite- 
beds';  and  in  the  collections  examined  a  few  specimens  were 
noticed  that  seem  to  have  been  washed  from  older  rooks.  But  the 
writer  believes  that  these  instanoes  are  exceptional,  and  he  urges 
that  no  fossil  should  be  set  down  as  derivative  unless  the  evidence 
is  conclusive,  as  much  confusion  has  arisen  through  the  unquestioning 
adoption  of  the  hypothesis  of  derivation. 

While  there  is  still  much  to  be  learnt  as  to  the  physical  conditiona 
requisite  for  the  concretion  of  phosphatic  nodules  and  for  their 
segregation  into  bands,  it  seems  clear  that  an  important  determinative 
was  the  existence  of  submarine  currents  occasionally  impinging  upon 
the  sea-floor  with  sufficient  strength  to  sweep  away  the  matrix  in 
which  the  nodules  had  been  formed,  so  that  there  was  a  gradual 
accumulation  of  the  partially  eroded  nodular  residues.  Such  residues, 
though  of  inconsiderable  thickness,  may  represent  a  long  period  of 
submarine  conditions.  The  term  'aggregate  deposits'  has  been 
suggested  by  J.  F.  Blake  for  beds  of  this  character. 


IL — On    the    oiff£bbnt    Modifications    of    Ziscon.     By 
L.  J.  Spbnobb,  M.A.,  F.aS.» 

SOME  very  irregularly  developed  crystals  of  zircon  from  the 
gem  -  washings  of  the  Balangoda  district  in  Ceylon  were 
found  to  have  characters  differing  widely  from  those  of  ziroona 
of  more  common  occurrence.  Although  of  low  specific  gravity 
(4*0),  they  are  not  increased  in  density  when  strongly  ignited,  as 
are  many  zircons  of  specific  gravity  below  4-7.  They  further  differ 
from  ordinary  zircon  in  their  very  feeble,  or  absence  of,  birefringence. 
The  crystals  are  dark  brown  in  colour  and  almost  opaque,  but  after 
ignition  they  are  bright  green  and  quite  transparent. 

While  some  of  the  crystals  consist  wholly  of  zircon  of  this  type, 
others  contain  an  intergrowth  of  a  second  kind,  which  may  be 
present  in  greater  or  less  amount  The  latter  has  a  higher  specific 
gravity,  and  increases  in  density  when  ignited ;  it  is  optically  biaxial 
with  very  strong  birefringenoe.     A  section  cut  perpendicular  to  the 
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prinoipal  axis  of  suob  a  compoand  orystal  shows,  when  moved 
across  the  microsoope-stage  in  convergent  polarised  light,  a  gradual 
transition  from  a  biaxial  to  a  uniaxial  figure,  the  coloured  ringa 
at  the  same  time  moving  outwards  and  becoming  further  apart 
owing  to  the  diminution  in  the  strength  of  the  double  refraction, 
which  is  positive  throughout ;  finally,  when  the  rings  have  all 
moved  out  of  the  field  of  view,  the  black  cross  also  disappears, 
and  the  corresponding  portion  of  the  section  is  optically  isotropic. 
The  mean  refractive  index  has  about  the  same  value  in  all  portions 
of  the  section. 

Zircon  of  the  first  type  has  been  previously  described  by 
Professor  A.  H.  Church  (1875)  and  by  Dr.  S.  Stevanovi6  (1903), 
and  from  the  researches  of  these  and  other  authors  it  would  seem 
that  there  are,  at  least,  three  modifications  of  zircon,  viz.  :— 

a.  Those  of  specific  gravity  4*0,  which  do  not  increase  in  density 
when  ignited. 

p.  Those  of  specific  gravity  4*7,  also  not  increased  in  density 
when  ignited. 

7.  An  unstable  form  of  Bpecifio  gravity  about  4*3,  which  when 
ignited  is  increased  in  density  to  4*7. 

That  these  different  kinds  are  often  intergrown  in  the  same  crystal 
is  shown  by  the  frequent  occurrence  of  zonal  structures  in  zircon, 
and  further  by  the  behaviour  of  the  crystals  when  heated.  A  crystal 
consisting  of  an  iutergrowth  of  a-zircon  and  7-zircon  will  be  increased 
in  density  on  ignition,  but  not  to  the  higher  limit  of  4*7 ;  on  the 
other  hand,  an  intergrowth  of  /3-zircon  and  7-zircon  will  reach  the 
higher  limit  when  ignited. 

In  crystalline  form  and  chemical  composition  (as  far  as  could 
be  determined  by  qualitative  tests)  a-zircon  and  /3-zircon  are 
identical,  and  these  appear  to  be  also  the  same  fur  7-ziroon. 


m. — On  Derived  Plant  Petrifaotions  from  Devonshire.    By 
E.  A.  Newell  Arber,  M.A.,  P.L.S.,  P.G.S.* 

SOME  interesting  plant  petrifications  in  which  the  structure  has 
been  to  some  extent  preserved  by  means  of  a  mineral  agent 
have  recently  been  discovered  in  the  higher  beds  of  the  Upper  Culm 
Measures  (Upper  Carboniferous)  in  Western  Devon.  Although  the 
preservation  is  not  sufiSciently  good  to  render  this  discovery  of  any 
botanical  importance,  the  manner  in  which  the  fossils  occur  is 
interesting  from  a  geological  point  of  view.  The  plant  remains 
consist  of  small  rolled  fragments  of  stems,  of  an  inch  or  less  in 
length,  arranged  without  order  in  a  fine-grained  sandstone.  They 
are  in  all  probability  derived  from  some  pre-existing  beds,  and  are 
not  contemporaneous  with  the  sandstone  in  which  they  are  found. 
Such  derived  plant  remains  are  very  rare,  if  not  unknown,  from  the 
Palsdozoic  rocks. 
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IV.— On   the  Fossil  Plants   of  the  Uppeb  Culm  Measuhes 
OP  Deyoh.    By  B.  A.  Newell  Abbbb,  M.A.,  F.L.S.,  F.Q.S.' 

f  pHE  Upper  Culm  Measures  form  by  &r  the  largest  portion  of  the 
1  Carboniferous  sequenoe  iu  Devon  and  the  adjaoent  oounties. 
Fossil  plant  remains  are  abundant  in  these  beds,  but  their  preservatioft 
is  rarely  suffioiently  good  to  permit  of  even  generio  determination. 
A  number  of  well-preserved  specimens  have,  however,  recently  been 
obtained  from  the  one  horizon  in  which  ooal  or  'culm'  oooars  in 
these  beds  in  the  Bideford  district.  They  include  CalamiteM  undMlmtuMt 
CalamocladuB  charaforvUs,  Alethopieris  lanckitiea,  A.  Serli,  NewroptertB 
obliquat  SigiUaria  ieaeellata,  and  many  others.  Neuropteris  £Mekam 
and  Megalopteris  (?)  sp.  are  also  recorded  from  Britain  for  tba 
first  time. 

This  flora  confirms  the  previous  conclusions  with  regard  to  the 
Upper  Carboniferous  age  of  these  beds,  and  indicates  that  the  coal- 
bearing  beds  of  the  Bideford  district  are  the  equivalents  of  the 
Middle  Coal-measures  elsewhere  in  Britain — a  higher  horizon  than 
has  previously  been  assigned  to  these  beds. 


V. — On    the    Ooouebenoe    op   Pebbles    op    White   Chalk   nr 
Aberdeenshire  Clay.    By  A.  W.  Gibb,  F.G.S.* 

ri^HE  record  of  the  Cretaoeous  period  in  the  north-east  of  Scotland 
X  is  a  very  fragmentary  one.  The  principal  traces  hitherto 
noted  consist  of  a  deposit  of  the  nature  of  a  Greensand — not  proved 
to  be  in  siiH — at  Moreseat,  Cruden,  and  large  numbers  of  flints 
scattered  over  the  surfiEice  of  the  ground  in  the  same  locality  between 
Buohanness  and  the  Hill  of  Dudwick. 

Further  indications  of  Cretaceous  strata  have  recently  been 
found  at  Strabathie,  in  the  district  of  Belhel vie— about  five  miles 
north  of  Aberdeen->in  a  bed  of  laminated  clay  close  to  the  aea. 
The  clay  is  found  to  contain  pebbles  of  white  chalk  in  considerable 
abundance.  Some  of  the  pebbles  measure  nearly  a  foot  in  lengtii, 
but  the  majority  are  small.  Some  of  them  inclose  flints.  That 
they  have  been  worn  off  an  adjoining  land  surface  is  shown  by  Ihe 
fact  that  numbers  of  them  are  markedly  glaciated,  and  that  pebbles 
of  other  rocks,  identical  with  or  similar  to  the  rocks  of  the  district, 
are  found  in  the  same  pit  These  facts  indicate  that  Upper 
Cretaceous  beds  have  once  been,  and  perhaps  somewhere  are  still, 
in  situ  in  the  locality. 

It  has  been  ascertained  by  boring  that  the  clay  deposit  covers 
a  considerable  area,  and  as  fresh  exposures  are  constantly  being 
made  in  the  process  of  working  the  bed  further  finds  may  be 
anticipated. 
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VL^Edbnyalk  Cavks,  Co.  Clabs.— Final  Report.    By  Dr.  B.  F. 
SoHABFF    (Chairman),   Mr.   B.   L.  Pbabgbb   (Secretary),    ani> 

A    COMMITTBB    APPOIITTBD    TO    BXPLOBB   IbISH    CaVES.      (DraWH 

up  by  the  Chairman.)  ^ 

SINCE  oirr  last  report  was  snbmitted  to  the  British  Association, 
Mr.  XJssher  has  completed  the  excavations  of  the  extensive 
oaves  of  Edenvale,  co.  Clare,  and  sent  altogether  a  oollection  of 
more  than  50,000  bones  to  be  named.  Besides  these  there  were 
flints  and  implements  used  by  primitive  man  and  relics  of  various^ 
periods,  on  which  it  is  proposed  to  submit  a  detailed  report  to  tho 
Boyal  Irish  Academy  during  next  winter. 

Mr.  Ussher  has  explored  other  districts  of  Ireland  with  the  view 
to  oontinning  the  cave  researches,  but  this  Committee  do  not  propose 
to  apply  for  a  further  grant 

The  Edenvale  remains  have  not  been  fully  determined,  but  so  far 
they  have  yielded  the  following  species  : — 

Man  {Homo  iapiem) .  Arctic  Lemming  (IHcroitonyz  torguatut) . 

Bats  (several  species).  Domestic  Ox  {Bo$  tamiu). 

Hedgehog  {Brinaceut  europma).  Domestic  Sheep  (Ovi*  ar%e»). 

Domestic  Cat  (Felia  domuHca).  Domestic  Goat  (Copra  mga^rut), 

Wild  Cat  (FelU  ealigata).  Domestic  Pig  {Sm  terofa  dome$tiea). 

Dog  {Cani$  familiarit).  Wild  Pig  \Stu  aerofa  ferus). 

Fox  ( Fulpes  alopex).  Red  Deer  (Cervus  elaphm), 

Irish  Stoat  (Ptttoriua  hibwnieus).  Giant  Deer  {Megaeeros  giganUm), 

Marten  (Mustela  mart$$).  Reindeer  (Rang\fer  tanmdus). 

Bear  ( Ursus  aretos).  Horse  (Equus  eabaUw), 

Badger  (ir4?i^<  taxtts).  Birds  (many  species). 

Arctic  Hare  (Lepita  timidus).  Frog  {Jtatta  temper  aria). 

Rabbit  {Zepm  eunietilu$).  Fishes  (several  species). 

Irish  Rat  {Ifut  hibemMtt).  Land  Mollusca  (many  species). 
Field  Mouse  [Mus  tglvatieus). 


VII. — Bbief  Notiobb. 


1.  PiAT  M COBS  OF  THB  PiNBiNBS. — In  an  article  entitled  '<  Peat 
Moors  of  the  Penntnes :  their  Age,  Origin,  and  Utilization  "^ 
{Geographieal  Journal^  May,  1904),  Mr.  G.  E.  Moss  remarks  that 
the  Pennine  peat  moors  represent  a  valnable  asset  which  is  turned 
to  little  aooonnt:  not  only  is  there  enormoas  value  in  prodoctfr 
manufactured  from  peat,  but  he  believes  there  is  fuel  enough  to  last 
the  hillside  population  for  a  thousand  years. 

2.  Najas  in  THB  Peat. — Mr.  Clement  Beid  records  the  occurrence 
of  Najas  martfia  in  the  Megaceros  -  marl  of  Lough  Qur  {Irish 
NaturaKstt  YoL  xiii).  This  little  <' submerged  flowering  plant"  is 
known  to  exist  in  Britain  only  at  a  single  spot  in  Hickling  Broad, 
in  Norfolk.    It  is  found  in  the  Oromer  Forest-bed  Series,  and  in 
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later  deposits  id  England  and  Wales,  bat  has  not  biUierto  been 
recorded  from  Ireland. 

3.  Bhodksta. — A  useful  pamphlet  on  **  The  Geology  of  Southern 
Bhodesia/'  by  Mr.  F.  P.  Mennell,  has  been  issued  by  the  Rhodesia 
Museum  at  Bulawayo.  This  is  aocompanied  by  pictorial  and  other 
illustrations,  and  by  a  sketch  geological  map  on  the  scale  of  an  inoh 
to  four  miles.  The  author  deals  with  the  igneous  rocks  and  schists, 
the  coal  series,  superficial  deposits,  and  scenery. 


I^  IE  "\ri  E  "W"  S- 


L— Memoirs  of  the  Geological  Survey  of  the  United  Kingdom. 

The  Tertiary  Igneous  Rooks  of  Skyb.  By  Alfred  Barker, 
M.A.,  F.R.S.,  with  Notes  by  C.  T.  Clough.  M.A.,  F.O.S. 
pp.  xi,  481,  84  text-figures,  27  plates,  and  one  coloured  map. 
(Glasgow,  1904.     Price  9«.) 

rpHE  appearance  of  this  memoir  awakens  the  echoes  of  past 
JL  controversies.  The  region  with  which  it  deals  shows  within 
a. narrow  compass  such  a  complex  group  of  rocks  that  diversities  of 
opinion  might  well  arise  as  to  their  mutual  relations.  Broadly 
speaking,  two  series  of  igneous  rocks  occur,  an  acid  and  a  basic, 
ranging  in  both  cases  from  plutonic  masses  and  intrusive  sills  and 
dykes  to  lava-flows;  and  the  views  first  enunciated,  according  to 
which  the  plutonic  masses  were  regarded  as  the  denuded  cores  of 
-volcanoes  from  which  the  lavas  (first  the  acid  and  then  the  basic) 
had  been  poured  out,  appeared  to  be  a  simple  and  reasonable  ex* 
planation  of  the  facts  observed. 

As  is  well  known,  very  different  views  from  the  above  as  to  the 
sequence  of  these  igneous  rocks  were  held  by  the  late  Director- 
General  of  the  Survey,  under  whose  direction,  in  fact,  was  planned 
much  of  the  work  the  result  of  which  is  recorded  in  the  present 
memoir.  The  result  of  Mr.  Barker's  researches,  it  may  be  here 
briefly  stated,  has  been  to  convince  him  of  the  correctness  of 
Sir  Archibald  Geikie's  main  conclusions  that  the  basaltic  lavas 
which  cover  such  an  extent  of  country  in  the  Western  Isles  of 
Scotland  and  in  the  north  of  Ireland  are  amongst  the  earliest 
volcanic  rocks  of  the  region  and  were  probably  due  to  fissure- 
eruptions,  that  the  gabbro-masses  were  intruded  into  them  and  are 
consequently  of  later  date,  and  that  finally  these  basic  rocks  were 
invaded  by  the  granites  and  granophyres.  Supporters  of  the  earlier 
views  will  find,  therefore,  little  encouragement  in  these  pages, 
although  here  and  there  a  glimpse  may  be  caught  of  difficulties  in 
the  case  of  phenomena  easily  capable  of  misinterpretation,  such  as 
the  presence  in  the  earlier  basic  agglomerates  of  fragments  of  gabbro 
and  granophyre  identical  in  character  with  the  later  rocks  which 
constitute  the  main  mass  of  the  Cuillins  and  the  Red  Hills,  and  the 
occurrence  of  basic  dykes  which  traverse  certain  rocks  finely  and 
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«iid  abruptly  against  others  (suoh  as  granite  and  agglomerate),  not 
because  the  latter  are  of  later  date,  but  owing  to  the  resistance  they 
offered  to  the  passage  of  the  dykes.  Like  many  of  the  other 
problems  whioh  have  confronted  Mr.  Harker  in  this  region,  this 
last  observation  is  an  important  one  and  capable  of  wide  application ; 
for,  as  he  suggests,  it  may  lead  to  a  reconsideration  of  the  age 
attributed  to  certain  intmsions  which  intersect  the  Carboniferous 
and  older  strata  in  parts  of  England  and  Wales. 

The  memoir  is  confined  principally  to  the  area  mapped  in  detail 
by  Mr.  Harker  during  the  years  1895-1901,  comprising  the  central 
laocolitic  masses  of  gabbro  and  granophyre  and  their  surroundings, 
the  basaltic  plateaux  to  the  west  and  north-west,  and  some  of  the 
islands  off  the  east  coast ;  but  the  south-eastern  part  of  the  island, 
whioh  was  surveyed  by  Mr.  Clough,  also  receives  consideration  in 
the  descriptions  of  the  minor  intrusions  in  the  older  stratified  rocks. 

After  an  introduction  dealing  chiefly  with  the  general  relations  of 
the  volcanic  series,  the  different  rock-groups  are  treated  as  far  as 
possible  in  chronological  order,  and  in  each  case  descriptions  are 
first  given  of  the  field  relations  and  then  of  the  petrographical 
characters.  As  regards  the  latter,  Mr.  Harker  has  been  on  the 
whole  merciful,  and  spared  ns  too  great  detail ;  in  some  cases  an 
additional  interest  is  given  to  the  description  of  thin-slices  by  the 
discussion  of  the  chemical  analyses,  no  less  than  sixteen  of  which 
have  been  made  for  the  purpose  of  the  memoir  by  Dr.  Pollard. 

Although  the  gabbro  and  granite  masses  have  been  deposed  from 
their  position  as  ancient  volcanic  cores,  yet  the^ remains  of  vast 
craters  filled  with  agglomerates  have  been  detected  in  Skye.  These 
were  the  vents  from  which  took  place  the  explosive  eruptions  whioh 
marked  the  earliest  phase  of  igneous  activity  in  the  island.  The 
succeeding  tranquil  fissure-eruptions  of  basalt  were  also  accompanied 
and  partly  succeeded  by  paroxysmal  eruptions  of  trachyte  and 
rhyolite.  In  comparison  with  the  basalts,  however,  the  pyroclastio 
rocks  and  more  acid  lavas  play  but  a  very  minor  role.  A  fact  with 
respect  to  the  basalts,  whioh  Mr.  Harker  considers  has  not  been 
hitherto  sufficiently  appreciated,  is  the  extent  to  which  their  apparent 
thickness  has  been  increased  by  the  intrusion  of  dolerite  sills  of 
later  date.  The  greater  part  of  the  alteration  (with  production 
of  amygdnles)  whioh  characterises  these  basalt  lavas  is  attributed 
by  the  author,  not  to  ordinary  weathering,  but  to  changes  produced 
in  them  soon  after  their  eruption  by  the  *•  action  of  water  of  volcanic 
origin."  In  the  subsequent  contact-metamorphism  by  the  gabbro 
and  granite  it  is  these  early  formed  amygdules  which  show  the 
most  interesting  effects,  viz.,  a  restoration  of  the  minerals  (felspar 
and  augite)  from  which  the  zeolites  and  chlorites  were  originally 
derived. 

To  the  second  or  plutonio  phase  of  igneous  activity  are  due  the 
roost  picturesque  features  of  the  scenery  of  Skye.  This  phase 
consisted  in  the  intrusion  of  laocolitic  masses  first  of  ultra-basio 
rocks,  then  of  gabbro,  and  lastly  of  granite  and  granophyre.  The 
descriptions  of  the  partial  fusion  and  incorporations  of  the  gabbro 
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by  the  invading  granite  ma^ma  with  the  oonsequent  pvoduetion  of 
hybrid  rooks  of  abnormftl  ohemieal  and  mineral  eompositioii,  an^ 
toe  detailed  aeoounts  of  the  peculiar  oompoeite  sills  and  dyke* 
outside  the  mountain  traot,  form  perhaps  the  most  important  aa«l 
interesting  feature  of  the  memoir.  In  the  oase  of  Skye  the  aoihor 
finds  that  tlie  heterogeneity  of  these  intrusions  is  inyariably  due,  not 
to  diffsrentiation  subsequent  to  intrusion,  bat  to  suooessive  injections 
of  different  rook-magmas,  the  acid  magma  showing  a  tendency  to  be 
guided  by  a  pre-existing  basic  dyke  or  sill. 

Of  the  third  and  final  phase  of  igneous  activity  in  Skye  which 
was  characterised  by  minor  intrusions  in  the  form  of  sills  and 
dykes,  the  most  important  role  was  played  by  the  great  groop> 
of  basic  sills  previously  referred  to,  which  are  intercalated  among 
the  basaltic  lavas  to  such  an  extent  that  they  and  not  the  basalts 
really  form  the  salient  features  of  the  plateau  country.  Amongst 
a  minor  group  of  basic  sills  an  interesting  type  is  the  pecnliar 
oomposite  sills  of  Roineval,  to  one  of  the  constituents  of  which  the 
anther  gives  the  provisional  name  of  Mugearite.  lliis  and  Marsooite 
(a  hybrid  of  gabbro  and  granite,  produced,  however,  before  intrusion) 
it  is  a  relief  to  see  are  the  only  new  rock-names  which  appear  in 
a  memoir  which  deals  with  so  many  rocks  of  exceptional  composition. 
To  the  rocks  composing  most  of  the  basic  dykes  and  sills  we  are 
glad  to  find  that  Mr.  Harker  applies  the  name  olivine-dolerite, 
although  he  has  not  been  able  to  avoid  altogether  the  use  of  his 
term  diabase  for  some  of  the  coarser-textured  types  near  to  gabbro. 

In  an  interesting  penultimate  chapter  is  given  a  general  review 
of  Tertiary  igneous  activity  in  Skye.  As  the  cause  of  this  aotivity 
two  distinct  elements  of  crustal  strain  are  recognised,  the  one 
regional  and  probably  related  to  the  great  Atlantic  depreesion,  and 
the  other  local :  to  the  first  are  attributed  the  fissure  eruptions  of 
basalt,  the  great  group  of  basic  sills,  and  the  system  of  parallel 
dykes,  and  to  the  second  the  central  volcanic  eruptions,  the  plutonic 
intrusions,  and  the  radial  group  of  dykes  peculiar  to  the  Guillin 
district 

In  the  last  chapter,  the  physical  features  and  scenery  of  the 
island  and  their  relation  to  the  geology  are  discussed.  A  very 
complete  bibliography  of  the  geological  literature  referring  to  the 
igneous  rocks  of  Skye  is  given  in  an  Appendix. 

The  memoir  is  illustrated  by  84  text-figures  and  27  plates. 
Beferenoes  to  the  figures  in  the  text  might  have  been  with  advantage 
more  often  accompanied  by  indications  of  the  pages  on  which 
they  occur. 

In  condnsion,  it  remains  to  congratulate  Mr.  Harker  on  the 
completion  of  an  arduous  but  very  successful  piece  of  work,  and 
the  Qeological  Survey  on  the  production  of  a  volume  which  with 
its  numerous  and  excellent  illustrations  can  be  offered  to  the  public 
at  so  low  a  price* 
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II. — Stanford's  Gbolooioal  Atlab  of  Obbat  Britain  [based  on 
Keynolds's  Oeologioal  Atlas],  with  plates  of  obaraoteristio  fossils* 
preoeded  bj  a  Desoription  of  the  Geologioal  Structure  of  Qreat 
Britain  and  its  Counties,  and  of  the  features  observable  along 
the  prinoipal  lines  of  Railway.  By  Horaoe  B.  Woodward, 
F.R.S.,  F.G.S.  pp.  X  and  140,  with  84  geologioally  coloured 
Maps  and  16  double  octavo  Plates  of  Fossils  geologically 
arranged.  (London,  1904:  Edward  Stanford,  12-14,  Long 
Acre,  W.C.    Price  12«.  6<i) 

EVEBY  well-informed  person  at  the  present  day  is  not  necessarily 
a  geologist ;  nevertheless,  there  are  a  vast  number  of  people  who 
are  more  or  lees  acqwxinUd  with  geology  (if  it  is  only  ''  a  bowing 
acquaintance,"  like  Mark  Twain's  with  the  Prince  of  Wales).  To 
those  more  or  less  interested  in  this  study,  and  especially  for  those 
who  have  little  time  to  spare,  a  handy  vade-wtcum,  a  small  book,  not 
too  small,  as  a  pocket-companion,  to  beguile  the  tedium  of  travel  in 
an  agreeable  and  intelligent  manner,  is  likely  to  command  the 
attention  of  the  publia  The  book  before  us  weighs  only  18  ounces, 
and  measures  5  by  7f  inches,  just  the  size  for  a  bicycle  bag  or 
a  side-pocket,  and  is  crammed  full  of  information  of  the  best  quality 
and  written  by  an  experienced  practical  geologist,  who  tells  his 
readers  what  is  to  be  seen  of  geological  interest  on  every  line  of 
railway  and  in  every  separate  county  in  the  kingdom,  illustrated 
by  34  maps  coloured  geologicaUi^,  so  that  he  who  rides,  by  road  or 
rail,  can  take  out  his  book  and  look  or  read  as  he  is  so  minded. 

Before  starting  out,  the  beginner  should  at  least  read  the  first 
34  pages,  which  in  clear  and  simple  language  will  convey  to  him 
an  outline  of  what  geology  teaches  about  the  broad  features  of  our 
island,  and  how  they  have  been  produced  by  the  agencies  of  the  tea 
or  by  rain  and  rivers,  or  the  slow  movements  of  the  solid  crust, 
during  vast  periods  of  past  geological  time ;  how  the  old  sediments 
which  form  our  stratified  rocks  were  accumulated  and  afterwards 
uplifted,  and  then  slowly  carved  out  into  earth's  physical  features, 
just  as  a  sculptor  might  carve  the  features  of  a  man  out  of  a  block 
of  marble,  or,  as  the  same  thing  is  sometimes  done  now,  by  means  of 
the  'sandblast'  process — so  our  hills  and  dales  and  great  clifl3» 
and  rugged  mountains  have  been  slowly  carved  by  atmospheric 
agencies,  ice,  snow,  frost,  rain,  and  rivers,  nay,  even  by  wind  and 
sun,  heat  and  cold. 

-  The  reader  will  get  some  notion  too  of  the  periods  of  geological 
time  and  of  the  relative  antiquity  of  the  various  rocks,  which  he  will 
speedily  recognise  in  the  handy  little  maps  of  the  counties  by  their 
several  geological  colours,  first  as  expressed  in  the  fronti^ieoe  of  the 
whole  of  Qreat  Britain,  admirably  executed  by  chromolithography, 
as  Stanford's  know  so  well  how  to  do  it.  Each  geol(^cal  colour  i» 
numbered  in  the  Index  on  the  Qeneral  Map,  and  on  a  larger  scale  on 
the  smgle  folding-plate  (facing  p.  1),  which  gives  at  a  glance  the 
number,  colour,  and  name  of  each  formation  and  the  names  of  its 
characteristic  fossils.    Then,  if  the  reader  be  going  to  travel  from 
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London,  say,  through  Middlesex,  Hertford,  Bedford,  or  Buckingham- 
shire,  he  will  turn  up  Map  2,  and  tracing  his  intended  route  will 
easily  note,  hy  the  colours  and  the  numbers,  the  formations  he  will 
travel  over,  and  so  will  read  with  greater  interest  in  the  pages 
devoted  to  each  county  (pp.  40-101)  what  are  the  features  of 
each,  both  physically  and  geologically ;  or  in  the  pages  which  follow 
(pp.  102-134),  after  selecting  his  line  of  road  or  railway,  he  may 
read  what  are  the  rocks  and  the  kind  of  country  he  is  about  to 
travel  over. 

If  travelling  by  road  on  bicycle  or  motor-car  (or  with  knapsack 
and  on  foot),  he  may  stop  a  few  minutes  by  roadside  section  or 
quarry,  or  even  by  a  heap  of  native  stones  picked  o£f  the  land  or 
obtained  from  an  excavation  near  by,  and  find  here  and  there  a  fossil 
which  the  plates  of  fossils  (xxxv-1)  will  often  enable  him  to  identify. 
All  these  details  are  full  of  interest  to  the  inquiring  and  intelligent 
student  who  wants  to  know  the  inside  of  things,  and  for  teaching 
him  there  is  nothing  like  pictures  and  colours.  The  only  fear  is 
that  such  aids  to  intellectual  improvement  may  be  made  too  easy 
and  agreeable ;  but  though  the  full-fledged  geologist  may  feel  these 
matters  too  simple,  the  less  advanced  inquirers,  of  whom  there  are 
many,  will  certainly  not  be  disappointed  in  the  pleasure  to  be  derived 
from  the  companionship  of  this  very  useful  little  book. 

The  original  work,  entitled  "  Heynolds's  Geological  Atlas,"  which 
gave  the  cue  to  the  present  volume,  and  now  renamed  <' Stanford's 
Geological  Atlas,"  has  a  history,  and  has  long  been  known  and 
regarded  as  a  useful  companion  and  guide  to  those  journeying  on 
business  or  pleasure  in  Great  Britain  who  take  interest  in  the 
geology  of  the  country.  The  first  edition,  issued  in  1860,  was 
prepared  with  the  assistance  of  the  late  Professor  John  Morris,  F.G.S. 
(for  21  years  one  of  the  Editors  of  the  Geolooioal  Maoazine),  and 
the  second  edition,  published  in  1889,  was  revised  by  the  late 
Mr.  Robert  Etheridge,  F.R.S.  L.  <fc  E.,  F.G.S.  {aho  one  of  the 
Editors  of  this  journal  from  1865  to  the  present  year). 

The  present  volume  has  been  carried  out  upon  the  general  plan 
of  the  older  work ;  the  text  has,  however,  been  entirely  rewritten 
by  Mr.  Horace  B.  Woodward,  F.R.S.  Fuller  descriptions  of  the 
geological  formations,  with  lists  of  localities  for  fossils,  have  been 
given ;  the  particulars  relating  to  each  county  have  been  amplified, 
regard  being  paid  to  the  more  interesting  geological  facts,  irrespective 
of  the  size  or  industrial  importance  of  the  county,  and  notes  on 
seaside  resorts  have  been  appended. 

The  descriptions  of  the  geological  features  observable  along  the 
main  lines  of  railway  is  entirely  a  new  feature.  A  few  of  the 
original  text  illustrations  are  the  same  as  in  the  earlier  edition,  the 
others  have  been  borrowed  from  Sir  Andrew  Ramsay's  "  Physical 
Geology  and  Geography  of  Great  Britain." 

The  figures  of  fossils,  forming  sixteen  double  octavo  plates,  have 
been  reproduced  chiefly  from  Lowry's  •*  Tabular  View  of  British 
Fossils"  and  from  his  "Chart  of  Characteristic  British  Tertiary 
Fossils";    others   have   been   taken   from  the   "Chart   of   Fossil 
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Crustacea,"  drawn  by  J.  W.  Salter,  P.Q.S.,  and  Henry  Woodward, 
F.R.S. ;  a  few  are  from  Ramsay's  "  Physical  Geology."  They  are 
very  well  selected,  and  will  serve  to  illustrate  the  forms  of  the 
leading  fossils  that  are  to  be  met  with  in  the  various  British 
«tratified  rocks. 

The  maps  in  the  original  atlas  were  based  to  a  large  extent  on 
those  published  by  the  Geological  Survey,  and  they  have  now 
been  revised,  as  far  as  the  scale  has  permitted,  from  the  later 
published  maps  of  that  institution  and  from  Sir  A.  Greikie's 
Geological  Map  of  Scotland.  The  work  reflects  credit  on  both  the 
author-editor  and  publisher,  and  deserves  to  prove  a  success,  and 
is  certainly  a  very  useful  addition  to  our  geological  library. 


III. — A  Guide  to  the  Fossil  Mamha^ls  and  Birds  ik  the 
Department  of  Geology  and  Palsontolooy,  British 
Museum  (Natural  History),  Cromwell  Bo  ad,  London, 
S. W.  Eighth  Edition.  8vo ;  pp.  xvi  and  100,  with  6  plates 
and  88  text-figures.     (London,  1904.     Price  6d.) 

rpHE  Guides  to  the  Geological  Department  bid  fair  to  continue 
X  to  be  **  the  cheap  sixpenn'orth "  of  the  Museum.  The 
aggregate  sales  of  the  seven  earlier  editions  (1881-1896),  we  are 
told,  amounted  to  about  20,000  copies ;  and  we  may  safely  prophesy 
that  the  one  issued  this  year  will  find  equal  favour  with  the  public. 

This  work  has  been  entirely  rearranged  and  rewritten;  28  of 
the  text-figures  used  in  the  earlier  editions  have  been  withdrawn, 
and  14  new  text-figures  introduced,  5  octavo  plates  of  fossils, 
a  new  geological  table  of  fossiliferous  deposits  giving  British 
and  European  names  of  strata,  also  a  folding  plate-plan  of  the 
Mammalian  and  Avian  Galleries. 

The  new  illustrations  comprise  two  views  of  the  same  block  of 
a  Lower  Pliocene  Bone-bed  from  Pikermi  (near  Athens),  obtained 
by  Dr.  A.  Smith  Woodward,  F.R.S.,*  together  with  a  large 
collection  of  fossil  remains  in  1901  (see  Gbol.  Mag.,  1901, 
pp.  481-486),  crowded  with  bones  of  mammals  and  of  birds.  The 
three-toed  Horse  {Hipparion),  various  bones  of  antelopes,  and  some 
oamivora  make  up  the  great  mass  of  the  block. 

A  block  of  flint  from  Crayford,  Kent,  broken  by  PalsBolithic  man 
in  making  flint-knives,  is  illustrated  on  p.  7  as  one  of  the  prehistoric 
series.  The  restored  skull  and  mandible  of  the  giant  lemur, 
Megaladapis  insignia,  from  a  cave  in  Madagascar,  is  drawn  (p.  11), 
and  the  gaping  jaws  and  outline  of  head  of  the  sabre-toothed  tiger 
(Maeharodus)  (p.  13)  from  South  America.  After  such  a  yawn, 
do  you  think  he  could  ever  shut  his  mouth  again  ?  The  skeleton 
of  Hyanodon  from  Dakota  (p.  16)  is  also  new. 

Of  wonders  added  to  the  collection  lately  is  the  skull  and 
mandible  of  Arsinoiiherium  zitteli  (fig.  38,  p.  47),  a  mighty 
herbivore  of  the  new  order  Bartpoda  (see  Dr.  C.  W.  Andrews, 
<3eol.  Mao.,  October,  1904,  p.  481),  from  the  Tipper  Eocene  of 

*  Author  of  the  present  Guide,  and  Keeper  of  the  Geological  Department. 
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tbe  FaytliD,  iSgypt,  a  beast  off  which  the  royal  sabre-toothed 
t^r  might  have  dined  well  after  fair  fight  The  pictured  tkeletoii- 
of  PhetMeoduB^  like  that  o^SffanodoUf  are  both  in  Amerionn  Muaeuma. 
2\>xodon  platenms,  a  huge  herbiTore,  is  represented  by  a  restored 
reproduction  in  the  gallery  (T).  Of  the  Elephants,  there  is  a  new 
figure  of  MephoM  (Stegodon)  gaue$a  from  the  Sewaliks  of  India ; 
and  near  it  (p.  64)  is  figured  the  four-tusked  Tetrabdodcn^  from 
Sansan,  France,  the  skull  and  mandible  of  FalaowuiBtodan  headndU* 
and  of  McBriiherium  lyomi,^  both  from  the  Eocene  of  the  Fay^m,  Egypt. 

A  new  figure  is  also  added  of  the  skeleton  of  OJyptodon  davipet 
(case  Z,  pavilion)  from  the  Pampa  formation  of  Buenos  Aires- 
(p.  75),  and  on  plate  iv  pieoee  of  the  skin  of  the  extinct  gpround- 
sloth,  Qryphotherium  lAttaiy  nearly  as  large  as  the  Mylodon,  whose 
remains,  associated  with  man,  were  obtained  from  a  oaTem  near 
Last  Hope  Inlet,  Patagonia,  where  these  great  phytophagous 
mammals  appear  to  have  been  kept  alive,  and  fed  upon  cut  grass- 
(also  preserved)  by  these  wild  people,  who  afterwards  ate  them, 
leaving  the  bones  and  skin  behind. 

The  lower  teeth  of  the  existing  Monotreme  Ornithorhynehm  am 
figured  (p.  86)  to  show  their  multituberoulate  crowns,  which  closely 
resemble  the  teeth  of  some  of  the  earliest  Protolherian  mammals 
found  fossiL  A  figure  is  added  (p.  90)  of  the  restored  skull  of  the 
great  extinct  bird  PhororachoB,  also  from  Patagonia ;  and  on  pi.  v 
is  given  a  beautiful  figure  of  the  skeleton  of  the  gigantic  Moa 
(DinomtB  maximuB)  from  New  Zealand,  set  up  in  the  gallery  some 
years  since.  Plate  vi  gives  an  excellent  figure  of  the  long-tailed  and 
toothed  fossil  bird,  the  Arehaopteryx,  from  the  Lithographic  Stone  of 
Eichstadt,  Bavaria  (described  and  fibred  by  Dr.  Henry  Woodward 
in  the  IntellectwU  OUerver,  vol.  ii,  for  1862). 

In  the  folding  table  of  stratified  rocks  the  range  of  each  great 
group  of  organisms  is  shown  in  the  stratified  series,  and  the 
approximate  European  equivalents  of  the  British  rocks  are  given 
in  parallel  columns. 

In  a  museum  the  student  is  more  concerned  with  the  succession 
of  life  than  with  the  succession  of  stratified  rock-masses;  and 
a  grouping  by  means  of  epoch  names — that  should  be  used  all 
the  world  over,  if  possible — is  to  be  commended. 

The  fresh  column  of  Ages,  as  present  day,  historic,  neolithic, 
palsdolithic,  glacial,  would  be  excellent  if  aJl  were  simple  and 
accepted  terms,  but  such  names  as  '  Priabonian,'  '  Artinskian,^ 
* Pliensbaobian,'  etc,  have  been  very  little  used  in  this  country; 
it  is,  however,  possible  they  may  be  adopted  when  known  and 
appreciated;  but  for  the  people  who  buy  the  Ouide  they  do  not 
seem  likely  to  be  of  much  assistance. 

Another  new  column  added  gives,  diagrammatically.  the  relative 
lengths  of  Epochs,  with  the  thickness  of  each,  and  anyone  who  likes- 
may  colour  this  part  for  himself  with  great  advantage. 

^  See  Qbol.  Mao.,  Dr.  C.  W.  Andiews,  on  Trtrahelodon,  1903,  p.  225. 
3  Article  by  Dr.  C.  W,  Andrews,  see  Obol.  Mao.,  March,  1904,  p.  113. 
s  See  Gbol.  Mao.,  March,  1904,  p.  110. 
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Among  the  figures  eliminated  from  thi»  Quide,  we  miss  tb^ 
piotnre  of  the  '  Mask-ox/  and  Ihe  molar  teet^  of  the  Indian  and 
African  elephants  (usefal  for  oomparison)  ;  these  are  probably 
^xclnded  as  living  forms,  but  bj  the  time  a  new  edition  is  called 
for  we  may  see  the  whole  of  the  recent  and  fossil  mammalia  and 
birds  amalgamated  in  one  Guide.  Signs  are  not  wanting  of  what 
tSir  Henry  Howorth,  writing  to  the  IVmes,  described  as  the  coming 
fusion  of  the  Louvre  and  the  Luxembourg  Galleries. 


IV. — Phtsiographt  :  ah  Inteoduotion  to  thb  Study  of  Natubi. 
By  T.  H.  HuxLST,  Bevised  and  partly  rewritten  by  B.  A. 
Gbboobt,  Professor  of  Astronomy,  Queen's  College,  London. 
8vo ;  pp.  xi,  423,  with  301  illustrations.  (London :  Macmillan 
and  Co.,  Limited,  1904.    Price  4<.  6(2.) 

IT  was  in  1877  that  Huxley's  "  Physi^aphy  '*  was  introduced  to 
the  public,  and  to  a  certain  extent  it  revolutionized,  as  was  the 
aim  of  the  author,  the  old  method  of  teaching  Physical  Geography. 
He  sought  to  convey  scientific  conceptions  by  an  appeal  to  observa- 
tion ;  to  create  interest  in  the  study  of  '  Earth-knowledge '  by 
commencing  with  the  local  geography,  ''until  step  by  step  th^ 
conviction  dawns  upon  the  learner  that,  to  attain  to  even  an 
elementary  conception  of  what  goes  on  in  his  parish,  he  must  know 
something  about  the  universe."  Thus  *'  the  knowledge  of  the  child 
should,  of  set  purpose,  be  made  to  grow  in  the  same  manner  as  that 
of  the  human  race  has  spontaneously  grown." 

The  original  edition  of  Huxley's  book  owed  much,  as  the  author 
cordially  acknowledged,  to  tbe  editorial  care  of  Mr.  F.  W.  Budler. 
The  work  became  at  once  popular  in  the  best  sense  of  the  term, 
a  third  edition  was  issued  in  1880,  and  it  has  continued  to  hold  its 
place  with  comparatively  little  alteration  until  the  appearance  of  the 
present  work.  The  progress  of  science  during  the  past  quarter  of 
a  century  has,  however,  made  necessary  many  additions  and  modi* 
tications  in  detail,  while  here  and  there  alteration  in  plan  has  been 
deemed  desirable. 

The  most  prominent  change  is  in  the  omission  of  the  special 
reference  to  the  Thames  and  its  basin,  which  Huxley  had  taken  for 
his  'text';  instead,  the  central  idea  has  been  transferred  to  any 
river  basin.  This  difference  in  treatment  is  marked  when  we  com- 
pare the  index  of  the  present  volume  with  that  of  Huxley's  third 
edition.  In  tlie  latter  there  are  more  than  sixty  references  to  tbe 
Thames  and  its  basin.  In  the  present  index  the  Thames  is  not 
recorded.  Considering  the  interest  of  the  subject,  a  little  more  space 
might  have  been  given  to  the  "Development  of  a  draioage  area,"  as 
but  scant  justice  can  be  accorded  in  a  page  of  print  to  the  views 
•enunciated  by  Professor  W.  M.  Davis;  and  his  nomenclature  of 
rivers  is  not  even  mentioned. 

A  conspicuous  feature  in  the  new  work  consists  in  the  number  of 
admirable  pictorial  and  other  illustrations,  of  which  six  only  appeared 
in  the  old  editions ;  and  it  is  satisfactory  to  find  that  while  the  work 
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has  been  thoroaghl j  revued,  yet  a  great  deal  of  tbe  original  text  ha» 
been  retained.  Moreover,  Professor  Qregorj,  whose  sympathies  may 
be  considered  to  lean  towards  the  astronomical  side  of  physiography, 
has  very  fairly  upheld  the  balance  of  power  allotted  by  Huxley  to 
the  claims  of  the  several  sciences  concerned  in  the  subject  Physio* 
graphy  is  thus  kept  well  within  its  legitimate  bounds  of  Ear^- 
knowledge,  or,  strictly  speaking,  Nature-knowledge,  despite  the 
tendency,  as  Professor  Lapworth  observed  last  year  in  his  addrees 
to  the  Geological  Society,  for  *'  Physiography  to  embrace  much  that 
truly  belongs  to  Astronomy."  Professor  Gr^ory,  indeed,  commences 
his  work  in  a  way  that  must  delight  Professor  Lapworth,  by  dealing 
with  "  Maps  and  Map-reading,"  a  subject  eminently  fitted  to  interest 
and  instruct,  but  hitherto  strangely  neglected  in  all  spheres  of  society. 
The  chapter  on  '^ Geological  Structure  and  History"  contains 
many  effective  pictures,  but  here  and  there  some  emendation  is 
required  in  the  text.  We  are  at  a  loss  to  interpret  fig.  234, 
"  Greensand  with  boulders  at  Headington,  2^  miles  below  Oxford."  ' 
The  '  Lower  Greensand '  of  Shotover  Hill,  by  Headington,  rests  on 
Portlandian  beds  with  huge  '  doggers ' ;  and  at  a  lower  level  there  is 
Eimeridge  Clay  resting  on  the  Corallian  Limestone,  strata  that  answer 
better  to  the  figure  than  to  the  legend  attached  to  it  On  the  same 
page  (331)  it  is  stated  that ''  the  hills  of  Middlesex  are  formed  of 
London  Clay,"  whereas  Stanmore  Hill,  the  highest  ground,  is  capped 
by  gravel ;  Hendon,  Finchley,  and  Muswell  Hill,  by  gravel  and 
boulder-clay  ;  Harrow,  Hampstead,  and  Highgate,  by  Bagshot  sand. 
On  the  next  page  we  find  Edge  Hill  included  among  the  escarpments 
of  the  Oolites,  whereas,  to  be  precise,  it  is  a  scarp  of  Marlstone  or 
Middle  Lias.  These,  however,  are  but  trifling  defects  that  may 
readily  be  put  right  in  a  new  edition. 

v. — Gkologioal  Survey  of  the  Transvaal:    Bbport  for  the 
TEAR  1903.     (Pretoria,  1904.    Price  7f.  6<i.) 

THE  Geological  Survey  of  the  Transvaal,  as  organized  under  the 
British  Government,  was  constituted  in  February,  1903,  under 
the  direction  of  Mr.  Herbert  Kynaston,  B.A.,  F.G.S.  The  present 
report  deals  with  the  first  year's  field-work  carried  on  by  the 
Director  and  two  geologists,  Mr.  E.  T.  Mellor,  B.Sc.,  F.G.S.,  and 
Mr.  A.  L.  Hall,  B.A.,  F.G.S.  It  is  a  folio  work  of  48  pages, 
accompanied  by  24  plates  of  pictorial  views,  sections,  plans,  and 
colour- printed  maps,  all  admirably  rendered.  The  area  chosen  for 
survey  was  that  to  the  east  of  Pretoria,  bordering  the  railway  as 
far  east  as  Balmoral  on  the  way  to  Middelburg;  and  the  main 
results  of  the  field-work  are  depicted  on  a  map  on  tbe  scale  of 
about  2^  miles  to  an  inch.  The  older  stratified  rocks  include 
(1)  a  Dolomite  Series,  (2)  shales  and  quartzites  grouped  as  the 
Pretoria  Series,  (3)  the  Waterherg  Sandstones  and  couglomerateB^ 
(4)  the  Karroo  System,  comprising  glacial  conglomerate,  coal- 
measures,  etc.,  and  (o)  alluvial  deposits.  Granite,  felsite,  syenite, 
elsdolite-syenite,  diabase,  and  volcanic  breccia  are  likewise  repre- 
sented.     Evidence    is   brought    forward    to    show    that    there   is 
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a  considerable  break  between  the  Waterberg  and  Pretoria  Series. 
The  glacial  conglomerate,  which  lies  at  the  base  of  the  Karroo 
System,  is  on  the  same  horizon  as  the  well-known  Dwyka  con- 
glomerate of  Oape  Colony.  Glaciated  surfaces  have  been  met  with 
further  north  than  had  previonsly  been  observed  by  Dr.  Molengraaff, 
and  the  evidence  of  the  stri»  and  of  the  boulders  indicates  that  the 
general  direction  of  the  ice-movement  was  from  north  to  south. 
Excellent  pictures  of  glaciated  surfaces  are  given.  Investigations 
were  made  into  the  diamondiferous  deposits  of  the  Schuller,  Eaal- 
fontein,  and  Montrose  mines.  The  diamonds  are  found  in  true  pipes 
or  volcanic  vents,  and  in  alluvial  and  other  superficial  deposits, 
llie  pipes  appear  all  to  belong  to  the  same  geological  period,  and 
they  are  evidently  younger  than  the  Pretoria  Series,  into  which  they 
have  been  intruded.  There  is,  however,  much  resemblance  in 
behaviour  and  constitution  between  the  pipes  now  described  and 
those  of  Eimberley,  and  if  they  prove  to  be  contemporaneous  the 
Transvaal  pipes  would  be  of  post- Karroo  age. 

Mr.  Kynaston  and  his  fellow-workers  are  to  be  heartily  con- 
gratulated on  the  results  of  their  first  year's  work  in  the  Transvaal, 
showing,  as  it  does,  abundant  evidence  of  careful  scientific  research 
by  well- trained  observers,  who  are  at  the  same  time  keenly  alert 
with  regard  to  questions  of  economic  geology  on  which  their  labours 
are  calculated  to  throw  light. 


OBITTJ.A.I^Y. 


ROBERT    FISHER    TOMES,    J. P.,    F.G.S. 
BoKN  1823.  DiBD  July  10,  1904. 

Last  July  the  geological  world  had  to  mourn  the  loss  of 
a  veteran  geologist,  Robert  Fisher  Tomes,  of  South  Littleton, 
near  Evesham.  Although  he  may  have  appeared  to  have  lived 
a  somewhat  secluded  life,  it  was  nevertheless  an  extremely  active 
one.  The  administration  of  justice,  educational  matters,  parish  and 
county  work,  various  branches  of  archceology,  zoology,  and  geology, 
all  received  attention ;  whilst  he  was  an  excellent  carver  of  old 
oak  and  an  enthusiastic  collector  of  old  china — especially  Worcester. 
His  collections  of  fossil  corals  and  birds  are  particularly  fine,  and  he 
also  possessed  a  number  of  type-specimens  of  bats,  which  unfortunately 
went  to  decay  owing  to  inadequate  preservation. 

Mr.  Tomes  was  bom  at  Weston-on-Avon  in  1823,  and  was  the 
brother  of  Sir  John  Tomes,  Bart.,  F.R.S.,  F.R.C.S.,  L.D.S.,  who 
died  in  1895  (an  odontologist  of  no  mean  rank,  and  a  friend  of 
Sir  Richard  Owen).  He  was  Vice-Chairman  of  the  Chipping  Campden 
School  Board  for  many  years ;  Chairman  of  the  Board  of  Quardians 
of  Stratford-on-Avon  for  thirteen  years  (until  1879),  when  he  went 
to  live  at  South  Littleton.  He  was  appointed  Alderman  for 
the  County  Council  of  Worcester;    subsequently  being  placed  on 
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ihb  Standing  Joint  Committee,  on  which  he  remained  nniil  hk 
death  in  July  of  the  present  year.  His  knowledge  of  geology, 
espedally  of  the  comitry  around  Evesham,  enahled  him  to  indicate 
in  the  Cotteswold  Hills  places  whence  water  was  obtained  for  the 
mpply  of  thirteen  or  fourteen  villages.  His  views  met  with  con- 
siderable opposition  at  first,  but  were,  however,  accepted  without 
question  by  the  engineer,  and  the  work  was  accomplished  at 
a  moderate  cost. 

In  1860  Mr.  Tomes  was  made  a  Corresponding  Member  of  the 
Zoological  Society  of  L<mdon,  in  recognition  of  the  labour  spent 
and  the  excellent  results  obtained  from  the  examination  of  the 
Cheiroptera,  and  for  his  descriptions  of  many  new  species.  His 
fine  collection  of  birds  from  the  county  of  Worcester  testify  to 
his  taxidermic  skill  and  knowledge  of  ornithology. 

About  the  year,  however,  that  he  was  elected  a  Corresponding 
Member  of  the  Zoological  Society,  Mr.  Tomes  directed  his  attention 
to  geological  matters,  opening  the  discussion  as  to  the  age  of  the 
Sutton  Stone  and  Lias  conglomerates  of  Glamorganshire.  The 
subject  was  broached  in  1863  on  account  of  a  Oryphaa  having  been 
sent  by  Mr.  Tomes  to  John  Jones,  of  Gloucester,  for  the  purpose 
of  figuring  and  describing  in  his  paper  **  On  Oryphaa  ineurva  and 
its  varieties"  communicated  to  the  Cotteswold  Club;  the  strati- 
graphical  position  of  the  fossil  having  been  given  by  Mr.  Tomes 
as  <'  White  Lias  of  Bridgend,  Glamorganshire."  The  fact  that  the 
Oryphaa  was  of  great  interest  if  it  really  occurred  in  what  was 
known  as  the  "  White  Lias,"  was  naturally  appreciated  by  Jones, 
but  the  fact  was  contested  by  Charles  Moore,  F.G.S.,  of  Bath. 
Moore  denied  that  Bh»tio  beds  were  exposed  in  the  Bridgend 
cutting;  but  admitted  that  if  the  Oryphaa  was  associated  with 
Oitrea  intuastriata  {Plicatula  intu8$triata)y  then  the  evidence  for 
the  Bbastic  age  of  the  deposit  was  strong,  as  it  was  then  generally 
believed  that  PUeatula  only  occurred  in  the  White  Lias.  Accordingly 
it  was  agreed  that  Tomes,  Moore,  Kershaw,  and  Gibbs  should 
make  a  fresh  examination  of  the  section.  Tomes  discovered 
the  little  Plieattda  adhering  to  a  lump  of  Mountain  Limestone 
firmly  embedded  in  the  Lias  rock.  Near  the  same  horizon  a  laige 
specimen  of  Coromeeras  Buehlandi  was  discovered  by  Moore.  After 
an  examination  of  the  coast-section  in  the  neighbourhood  of  Sutton 
and  a  re-investigation  of  the  Bridgend  cutting  (where  a  Oryphaa  with 
**  no  less  than  six  small  specimens  of  Ostrea  intusitriata  "  adhering 
was  found),  it  was  agreed  that  the  species  had  a  mach  more  extended 
range  in  time  than  bad  been  hitherto  thought,  and  therefore  could 
"  no  longer  be  looked  upon  as  typical  of  White  Lias."  The  matter 
then  appeared  settled,  for  Mr.  Tomes  submitted  that  there  was 
but  one  explanation,  and  that  was  **  that  during  the  period  of  the 
deposition  of  the  Bhsdtic  beds  no  such  deposition  took  place  at  the 
locality  in  question  [Bridgend],"  an  opinion  he  re-stated  in  1877, 
and  added,  '*  the  BbsBtic  fauna  of  that  period  became  in  this  manner 
mixed  up  with  that  of  the  true  Lias,  which  was  subsequently 
deposited."    He  held  this  opinion  to  the  end,  reiterating  it  in  1993 
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^hen  dealing  with  the  coral  Heteraitraa  rhatica^  from  the  Avieula 
•coniorta  beds  of  Deerhurst,  Oloaoestershire. 

Mr.  Tomes  became  a  Fellow  of  the  Qeological  Society  in  1877, 
and  commanicated  numerous  papers  which  appeared  in  the  Quarterly 
Journal  of  the  Society  from  1878  to  1903.  Whether  short  or  long; 
these  papers — all  on  fossil  corals^^mbodied  the  results  of  critical 
examination  and  accurate  field-work,  although  the  results  arrived 
at  from  an  examination  of  the  corals  were  frequently  contested  by 
Duncan.  To  the  Gbolooioal  Maoazini  he  contributed  an  even 
greater  number  of  papers  on  the  same  subject,  always  making  his 
own  drawings. 

L.   BlOHABDSON. 

LIST  OF  TITLES  OP  PAPERS  BY  ROBEET  FISHER  TOMES,  F.G.S. 
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^*  On  some  new  or  imperfectly  known  Madreporaria  from  the  Coral  Rag  and  Portland 

Oolite  of  the  Counties  of  "Wilts,  Oxford,  Cambridge,  and  York " :    Quart. 

Joum.  Geol.  Soc.,  vol.  xxxix  (1883),  pp.  555-565,  and  pi.  xxii. 
^*  A  Comparative  and  Critical  Revision  of  the  Madreporaria  of  tne  White  Lias  of  the 

Midland  and  Western  Counties  of  England,  and  of  those  of  the  Conglomerate 

at  the  base  of  the  South  Wales  Lias " :  Quart.  Joum.  Geol.  Soo.,  vol.  xl 

(1884),  pp.  353-374,  and  pi.  xix. 
^*  A  Critical  ana  Descriptive  List  of  the  Oolitic  Madreporaria  of  the  Bonlonnais"  : 

Quart.  Joum.  Geol.  Soc,  vol.  xl  (1884),  pp.  698-723,  and  pi.  xxxii 
'*  On  some  new  or  imperfectlv  known  Madreporaria  from  the  Great  Oolite  of  the 

Counties  of  Oxford,  Gloucester,  and  Somerset" :  Quart.  Joum.  Geol.  Soc., 

vol.  xli  (1885),  pp.  170-190,  and  pi.  v. 
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of  South  Wales'* :  Quart.  Joum.  Geol.  Soc.,  vol.  xlix  (1893),  pp.  674-^578, 
and  pi.  XX. 
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New  Species  "  :  Geol.  Mao.,  1899,  pp.  298-307. 
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JOHN    BELL    HATCHER.* 
Born  Octobbe  11,  1861.  Died  July  3,  1904. 

The  Editor  of  the  Annals  of  the  Carnegie  Museum,  Pittsburgh, 
Pennsylvania,  U.S.,  records  with  deep  regret  the  death,  on  July  3rd, 
1904,  of  his  trusted  associate,  Mr.  John  Bell  Hatcher. 

Mr.  Hatcher  was  born  at  Cooperstown,  Brown  County,  Illinois^ 
on  October  11th,  1861.  He  was  the  son  of  John  and  Margaret  C. 
Hatcher.  The  family  is  Virginian  in  extraction.  In  his  boyhood 
his  parents  removed  to  Greene  County,  Iowa,  where  his  father, 
who  with  his  mother  survive  him,  engi^ed  in  agricultural  pursuiU 
near  the  town  of  Cooper.  He  received  his  early  education  fram 
his  father,  who  in  the  winter  mouths  combined  the  work  of  teaching 
in  the  schools  with  labour  upon  his  farm.  He  also  attended  the 
public  schools  of  the  neighbourhood.  In  1880  he  entered  Grinnell 
College,  Iowa,  where  he  remained  for  a  short  time,  and  then  went 
to  Yale  College,  where  he  took  the  degree  of  Bachelor  in  Philosophy, 
in  July,  ISSl.  While  a  student  at  Tale  his  natural  fondness  for 
scientific  pursuits  asserted  itself  strongly,  and  he  attracted  the 
attention  of  the  late  Professor  Othniel  C.  Marsh,  the  celebrated 
Naturalist,  at  that  time  palaeontologist  of  the  United  States  Geological 
Survey.  Professor  Marsh,  as  soon  as  the  young  man  had  received 
his  diploma,  commissioned  him  to  undertake  a  palsBontological 
investigation  in  south-western  Nebraska.  From  the  summer  of 
1884  until  the  year  1893  he  was  continuously  in  the  employment 
of  Professor  Marsh.  During  these  years  he  conducted  explorations 
over  a  wide  area  in  the  States  of  Nebraska,  the  Dakotas,  Montana,  Utah» 
Wyoming,  and  Colorado.  These  expeditions  to  the  western  country, 
which  usually  began  early  in  the  spring,  continued  until  late  in  the 
fall,  or  even  into  the  early  winter.  He  also  collected  in  the  winter 
months  and  early  spring  in  Maryland  and  North  Carolina.  Hit 
success  as  a  collector  was  phenomenal,  and  the  scientific  treasures^ 
which  he  unearthed  greatly  enriched  the  collections  of  the  United 
States  Geological  Survey  and  of  the  Peabody  Museum  in  New 
Haven.  It  was  upon  the  collections  of  vertebrate  fossils  made  by 
J.  B.  Hatcher  that  Professor  Othniel  C.  Marsh  based  to  a  very 
large  extent  many  of  his  most  important  papers,  and  to  Hatcher 
more  than  to  any  other  man  is  due  the  discovery  and  collection 
of  the  Ceratopsia,  perhaps  the  most  striking  of  all  the .  extinct 
reptilia.     Very   little   had   been    known  about  them,   and  before 

*  Reprinted,  slightly  abridged,  from  Dr.  W.  J.  Holland's  notice  in  Annah  of 
the  Carnegie  Muteum,  vol.  ii.  No.  4  (1900),  pp.  597-604. 
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Hatoher  succeeded  in  discovering  a  large  namber  of  sknlls  and 
skeletons  they  were  at  best  represented  by  a  few  fragments,  the 
natnre  of  which  was  hardly  understood  even  by  the  most  advanced 
students.  At  the  time  of  his  lamented  death  Professor  Marsh  was 
engaged  in  preparing  a  monograph  upon  this  material,  and  it  fell 
to  his  distinguished  student,  who  had  discovered  these  colossal 
creatures,  to  take  up  in  1902  the  work  which  Marsh  had  left 
nnfinished,  and  he  was  devoting  himself  to  this  work  at  the  time 
of  his  death. 

In  1890  Mr.  Hatcher  was  made  Assistant  to  the  Chair  of  Geology 
in  Yale  University,  and  in  1893  he  was  elected  Curator  of  Vertebrate 
Palfldontology  and  Assistant  to  the  Chair  of  Geology  in  the  College 
of  New  Jersey  at  Princeton. 

While  at  Princeton  he  continued  his  geological  and  palsBontological 
explorations  in  the  Western  States  with  his  usual  enthusiasm  and 
success.  For  many  years  he  had  cherished  the  wish  to  undertake 
the  exploration  of  Patagonia  and  Tierra  del  Fuego  from  a  geo- 
logical and  palaeontological  standpoint.  He  finally  undertook  the 
collection  of  a  fund  to  enable  him  to  carry  out  this  object 
Generous  subscriptions  were  made  by  a  number  of  the  alumni  and 
friends  of  Princeton  University,  and  he  himself  out  of  his  small 
savings  contributed  a  large  portion  of  what  proved  to  be  required 
to  undertake  the  work.  His  plans  were  thoroughly  approved  and 
enthusiastically  supported  by  Professor  W.  B.  Scott,  the  Professor 
of  Geology  in  Princeton.  Three  expeditions  were  made.  The 
first  extended  from  March  1st,  1896,  to  July  16th,  1897.  On 
this  expedition  Mr.  Hatcher  was  accompanied  by  his  brother- 
in-law,  Mr.  0.  A.  Peterson,  as  an  assistant.  The  second  expedition 
extended  from  November  7th,  1897,  to  November  9th,  1898, 
when  he  was  accompanied  by  Mr.  A.  £.  Colburn  as  taxidermist 
The  third  expedition  was  carried  on  from  December  9th,  1898, 
to  September  1st,  1899,  when  Mr.  0.  A.  Peterson  again  accom- 
panied Mr.  Hatcher.  The  story  of  these  expeditions  has  been 
published  in  the  first  volume  of  the  Reports  of  the  Princeton 
University  Expeditions  to  Patagonia,  which  are  being  issued  under 
the  editorial  supervision  of  Professor  William  B.  Scott  upon  the 
J.  Pierpont  Morgan  Publication  Fund  of  Princeton  University,  the 
fund  having  been  generously  given  by  Mr.  Morgan  in  order  that  the 
scientific  information  secured  by  Mr.  Hatcher  might  be  made  known 
to  the  world.  In  the  conduct  of  these  expeditions  J.  B.  Hatcher 
strikingly  revealed  not  only  his  great  scientific  insight,  but  his 
nndaunted  courage  and  great  tenacity  of  purpose.  Twice  he  nearly 
lost  his  life,  once  as  the  result  of  a  singular  accident  which 
befell  him  while  taking  a  lonely  road  across  the  pampas,  once  while 
confined  to  his  tent  amidst  the  deep  snows  of  winter  by  a  violent 
attack  of  inflammatory  rheumatism,  from  the  ill  effects  of  which 
he  never  quite  recovered. 

The  results  of  Hatcher's  explorations  in  Patagonia  were  of  the 
most  important  character.  The  collections  of  vertebrate  fossils 
made  by  him  and  his  assistants,  and  now  preserved  at  Princeton 
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University,  are  enormous  in  extent  and  of  the  very  highest  soientifte 
value.  Some  of  these  collections  were  made  l^  him  at  great 
personal  risk,  the  strata  in  which  they  were  fonnd  being  only 
exposed  for  a  few  hours  at  low  tide  on  the  maigin  of  the  ocean. 
Working  rapidly  he  and  his  assistant  took  up  what  they  ooold«  and 
tben  hurried  back  over  the  wide  beaoh  to  the  olifib,  to  presently 
see  the  water  from  fifty  to  sixty  feet  deep  rolling  over  the  spot 
where  they  had  been  excavating.  The  explorers  literally  suatobed 
their  treasures  from  the  hungry  jaws  of  the  ocean.  In  the  fields 
of  recent  zoology  and  botany  he  made  extensive  collections.  His 
geographical  discoveries  were  of  great  importance.  He  added 
immensely  to  our  knowledge  of  the  interior  of  Patagonia,  traversing 
vast  territories  upon  which  civilized  man  had  never  before  phmtad 
foot.  He  discovered  mountains  and  lakes,  and  traced  the  oonrse  of 
rivers  which  had  never  before  been  mapped.  One  of  the  grsait 
mountain  ranges,  by  the  consent  of  both  the  Argentine  and  Ohiliaa 
Oovernments,  bears  his  name.  His  decision  that  the  crest  of  the 
Patagonian  watershed  in  parts  of  its  course  lies  far  east  of  the  crest 
of  the  southern  Andean  ranges,  had  an  important  bearing  apon  the 
question  of  the  boundary-line  between  the  Argentine  Bepublio  and 
Chile,  and  in  the  arbitration  of  this  question,  which  has  happily 
been  settled  without  recourse  to  arms,  as  was  at  one  time  threatened, 
the  discoveries  of  the  young  American  explorer  were  brought  into 
prominence  in  diplomatic  circles. 

On  February  let,  1900,  J.  B.  Hatcher  accepted  the  position 
of  Curator  of  Palsdontology  and  Osteology  in  the  Museum  of  the 
Carnegie  Institute  in  Pittsburgh,  where  his  brother-in-law,  Mr.  O.  A. 
Peterson,  immediately  after  his  return  from  Patagonia,  had  beea 
employed  as  an  assistant.  Installed  in  his  new  post,  with  the 
assurance  of  the  unqualified  and  generous  support  of  the  founder  of 
the  Institute  in  all  wise  efforts  to  make  his  work  successful,  he  began 
to  lay  out  in  connection  with  the  Director  of  the  Museum  plans  td 
ereate  one  of  the  most  important  palseontological  collections  ia 
America.  For  four  summers  in  succession  he  carried  on  explorations 
in  the  Western  States.  In  1903  he  was  associated  for  a  portion  of 
the  time  with  Mr.  T.  W.  Stanton,  of  the  United  States  Oeologioal 
Survey,  in  an  effort  to  ascertain  the  relative  position  and  geological 
age  of  the  Judith  Biver  beds,  which  had  been  for  some  time  the 
subject  of  earnest  discussion  among  geologists.  His  views  in  relatioa 
to  this  subject,  which  had  been  opposed  by  almost  every  other 
geologist  in  America,  were  finally  ascertained  to  be  correot,  and 
it  was  a  matter  of  great  personal  giadfication  to  him,  as  the  writer 
of  these  lines  knows,  that  the  accuracy  of  his  observations  and 
of  his  conclusions,  which  had  been  reached  many  years  before,  had 
been  verified. 

While  Professor  Hatcher  wrote  very  little  in  relation  to  geology, 
he  nevertheless  was  regarded  as  being  one  of  the  very  ablest  of 
American  geologists,  his  great  experienoe  in  the  field  and  his  close 
attention  to  the  subject  having  given  him  a  practical  knowledgl 
such  as  was  possessed  by  few  of  his  contemporaries.    One  of  & 
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leading  geologists  in  Amerioa,  in  speaking  of  him  said  to  the  wrttw, 
*'  I  regard  Professor  Hatober  as  one  of  the  best  informed  geologists- 
in  the  United  States.  He  is  pre-eminent  in  this  field,  though  he  seta 
oomparatively  small  store  by  his  attainments." 

The  last  five  years  of  his  life,  during  whioh  he  was  oonneoted 
with  the  Oamegie  Institute,  were  not  only  years  in  which  he  proved 
himself  remarkably  suooessful  as  a  collector,  but  in  which  he 
revealed  his  ability  as  a  scientific  author.  A  number  of  important 
papers  from  his  pen  have  appeared  in  the  Annals  and  Memoirs  of 
the  Carnegie  Museum.  The  first  volume  of  the  Reports  of  the 
Princeton  University  Expeditions  was  written  by  him  during  this 
time.  He  contributed  numerous  brief  articles  to  various  scientific 
journals,  and  in  1902  undertook  for  the  United  States  Greological 
Survey  the  completion  of  the  Monograph  of  the  Ceratopsia  which 
bad  been  left  unfinished  by  Professor  Marsh  at  the  time  of  his. 
death.  The  writer  believes  that  this  great  work  had  been  brought 
so  far  that  it  will  be  possible  to  complete  it  with  oomparatively 
small  effort  on  the  part  of  some  one  reasonably  familiar  with  the 
aabjeot.  Various  other  important  papers  of  a  monographic  character 
had  been  begun.  Unfortunately  these  for  the  most  part  are  not 
in  such  condition  that  they  can  be  published. 

One  of  the  great  undertakings  which  had  occupied  much  of  hia 
time  and  thought  during  the  past  eighteen  months  was  the  repro* 
duction  of  the  skeleton  of  Diplodocus  camegieit  a  restoration  of  which 
had  been  ordered  by  Mr.  Andrew  Carnegie  for  the  purpose  of 
presentation  to  the  British  Museum  of  Natural  History,  the  Trusteea 
of  which  in  February,  1903,  had  formally  signified  their  acceptance 
of  Mr.  Carnegie's  kind  offer  to  have  such  a  reproduction  made  for 
them.  The  superintendence  of  this  work  was  a  most  congenial  labour 
to  him.  On  the  1st  day  of  July,  1904,  a  small  company  of  scientific 
men  and  women,  together  with  the  Trustees  of  the  Carnegie  Institute, 
had  the  pleasure  of  a  private  view  of  this  restoration,  which  had 
been  temporarily  set  up  prior  to  its  shipment  to  England.  TW 
absence  of  Professor  Hatcher  from  the  litUe  company  was  feelingly 
alluded  to  by  many.  But  none  of  the  party  dreamed,  although  he^ 
was  known  to  be  seriously  ill,  that  he  had  reached  the  end  of  his- 
life's  work. 

Mr.  Hatcher's  position  as  a  palsdontologist  was  unique.  He  ia 
universally  admitted  by  those  who  are  most  competent  to  pass 
judgment  to  have  been  the  best  and  most  successful  palsdontological 
collector  whom  America  has  ever  produced.  The  larger  proportion 
of  the  choicest  vertebrate  fossils  now  in  the  Peabody  Museum  at 
Yale  University,  in  the  colkotion  of  the  United  States  (geological 
Survey,  in  the  Museum  of  Princeton  University,  and  in  the  Museum 
of  the  Carnegie  Institute  at  Pittsburgh  were  collected  by  him.  Ta 
a  very  large  extent  the  American  methods  of  collecting  such 
remains,  which  are  now  universally  admitted  to  be  the  best 
known,  were  the. product  of  his  experience  in  the  field  and  of  hia 
oareful  thought.  In  a  letter  just  received  by  the  writer  from 
Professor  Henry  Fairfield  Osbom,  the  Palceootologist  of  the  United 
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States  Qeologioal  Survey,  he  says,  alluding  to  the  death  of  Professor 
Hatoher :  "  1  can  hardly  tell  you  how  shocked  and  grieved  I  am. 
I  had  often  thought  of  the  probahility  of  Hatcher's  death  while  in 
the  field  when  taking  great  risks  and  entirely  away  from  medical 
and  surgical  attendance,  but  of  his  death  at  home  I  had  not 
thought  a  moment.  In  his  intense  enthusiasm  for  science,  and  the 
promotion  of  geology  and  palaeontology,  and  the  tremendous  sacrifices 
he  was  prepared  to  make,  and  "had  made,  he  was  a  truly  rare  and 
noble  spirit,  the  sort  of  man  that  is  vastly  appreciated  in  England 
and  in  Germany,  but  I  fear  very  little  appreciated  in  America.  His 
work  as  a  collector  was  magnificent,  probably  the  greatest  on 
record." 

Professor  W.  6.  Scott,  in  the  columns  of  Science,  says :  *'  Ebtcher 
may  be  said  to  have  fairly  revolutionized  the  methods  of  collecting 
vertebrate  fossils,  a  work  which  before  his  time  had  been  almost 
wholly  in  the  hands  of  untrained  and  unskilful  men,  but  which  be 
converted  into  a  fine  art.  The  exquisitely  preserved  fossils  in 
American  museums,  which  awaken  the  admiring  envy  of  European 
pal  seen  tologists,  are,  to  a  large  extent,  directly  or  indirectly  due  to 
Hatcher's  energy  and  skill,  and  to  the  large-minded  help  and  advice 
as  to  methods  and  localities  which  were  always  at  the  service  of 
anyone  who  chose  to  ask  for  them."  Testimony  of  like  character  as 
to  the  great  achievements  of  Professor  Hatcher  has  come  from-  many 
^ther  sources. 

Hatcher  was  an  indefatigable  student  and  a  very  keen  observer. 
He  was  fertile  in  resources.  He  had  great  mechanical  aptitudes, 
and  succeeded,  sometimes  when  alone,  by  patient  effort  in  accom- 
plishing apparently  impossible  tasks  in  the  removal  of  huge  and 
weighty  objects  from  difficult  positions,  which  would  not  have 
been  undertaken  by  others.  The  writer  recalls  one  or  two 
€ases  in  which  he  dared  great  physical  risks  and  even  death, 
when  alone,  far  from  human  companionship,  in  extracting  large 
masses  from  their  original  position  and  moving  them  by  a  skilful 
arrangement  of  levers  to  points  where  they  could  afterwards  be 
taken  up.  One  such  instance  occurred  in  the  autumn  of  1903, 
and  the  writer  could  not  refrain,  while  admiring  the  courage  and 
skill  displayed,  from  earnestly  warning  Mr.  Hatcher  against  the 
repetition  of  such  risks  as  he  at  that  tirae  assumed  in  attempting  to 
handle  a  block  of  rock  weighing  nearly  a  ton  without  the  assistance 
of  other  men. 

While  accomplishing  a  vast  amount  of  most  important  work 
during  the  last  five  or  six  years  of  his  life,  there  was  hardly  any 
time  in  which,  as  the  result  of  the  illness  and  exposure  which  he 
had  undergone  in  Patagonia,  he  did  not  suffer  pain,  and  at  times 
of  a  roost  excruciating  character,  and  yet  he  was  patient  and 
uncomplaining. 

Perhaps  the  most  striking  characteristic  of  Mr.  Hatoher  was  his 
extreme  modesty.  He  was  always  reticent  in  speaking  of  what  he 
had  done,  and  shunned  publicity  other  than  that  which  came  to* 
him  through  his  scientific  writings. 
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Hatcher  was  a  most  obarming  oompanion,  and  when  he  oonld  be 
prevailed  upon  to  relate  the  story  of  his  adventures  in  strange  and 
distant  places,  the  listener  found  his  companionship  fascinating. 

Though  living  so  much  of  his  life  in  the  wilderness,  he  was 
a  man  of  strong  domestic  attachments.  He  loved  his  home,  and  to 
none  of  all  the  wide  circle  of  his  acquaintance  does  his  untimely 
•  death  bring  deeper  and  more  poignant  grief  than  to  his  wife  and 
four  young  children.  To  them  the  writer  renews  in  these  lines  his 
-expression  of  the  deepest  sympathy.  W.  J.  Holland. 
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Deslongchamps'  Types  of  Jurassic  BRAOHioPODA.--The  British 
Museum  (Natural  History)  has  received  a  valuable  donation,  one 
p'articularly  interesting  to  studenrts  of  British  Jurassic  Brachiopods. 
It  consists  of  about  100  plaster  casts  of  the  types  (holotypes,  hypo- 
types),  etc.,  of  the  Jurassic  Brachiopoda  figured  by  E.  Deslongohamps 
in  the  Paleontologie  Frangaise  Terr.  Jurass.,  with  a  few  other  treasures 
of  the  Deslongohamps  Collection  figured  elsewhere.  Among  the 
latter  is  a  cast  of  the  holotype  of  the  very  rare  Bhynehonella 
Deslongchampni,  Davidson — the  Museum  already  possesses  the  historic 
Tesson  example  of  this  species ;  also  a  oast  of  the  holotype  of  Terehr. 
biplteaia  (Brocohi),  which  is  not  a  Cretaceous  fossil  at  all,  but  is 
a  Jurassic  Omiihella,  Among  the  Pal.  Fran^.  specimens  the  examples 
of  r.  conglobata,  T.  Ferryi,  T.  Jauberti,  and  others  of  Deslongohamps' 
species  will  be  of  especial  interest.  The  Director,  Professor  E.  Bay 
Lankester,  F.R.S.,  has  presented  this  fine  series  to  the  Museum. 

Mb.  C.  Fox-Stbanqwats,  who  joined  the  staff  of  the  Geological 
Survey  under  Sir  Roderick  Murchison  in  1867,  has  retired  from 
the  public  service.  During  the  course  of  his  long,  detailed,  and 
invariably  careful  work  in  the  field,  he  has  surveyed  large  areas 
in  Yorkshire,  including  portions  of  the  great  Coalfield,  the  country 
around  Harrogate,  and  most  of  the  moorlands  and  wolds  of  the 
North  and  East  Hidings.  Thence  crossing  the  Humber  he  continued 
work  in  North  Lincolnshire,  and  finally  passed  on  to  Leicester, 
from  which  town  as  a  centre  he  has  re-surveyed  the  Leicestershire 
Coalfield,  Charnwood  Forest,  and  a  large  area  extending  from  the 
borders  of  the  Warwickshire  Coalfield  across  the  Liassic  vale  east 
of  Leicester.  The  results  of  this  work  have  been  published  in 
numerous  maps,  sections,  and  memoirs,  amongst  which  may  be 
mentioned  two  volumes  dealing  particularly  with  the  Jurassic 
rocks  of  Yorkshire.  Apart  from  his  official  work  Mr.  Fox-Strangways 
has  stirred  up  much  local  interest  in  geology  in  the  localities  where 
he  has  lived  and  laboured,  especially  at  Leicester,  where  his  services 
in  conducting  excursions  have  been  frequently  given,  and  have 
always  been  highly  appreciated. 

CoTTESWOLD  Natubalists'  Field  Club. — The  President,  Dr.  0. 
Callaway,  refers  (Proc.,  vol.  xv,  part  1)  to  the  loss  sustained 
in    the   death    of  their  old    member   Bobert   Etheridge.     After 
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giving  some  aooonnt  of  the  excursions  made  daring  the  jear^ 
Dr.  Callaway  contrihates  a  short  essay  on  Pre-Cambrian  Voloaooes* 
as  evidenced  by  the  Urioonian  rocks  of  Malvern  and  elsewhere. 
The  'Ohamian'  rocks  of  Gharnwood  Forest  are  regarded  as  the 
equivalent,  at  least  partially,  of  the  Urioonian.  In  the  same 
Joamal  Mr.  L.  Richardson  gives  an  interesting  aocount  of  th» 
HhsBtic  beds  of  Worcestershire;  and  Messrs.  J.  W.  Gray  and 
G.  W.  S.  Brewer  oontribnte  an  article  on  evidences  of  ancient 
oocnpation  on  Cleeve  Hill,  with  an  appendix  on  the  vertebrate  and 
molluscan  remains  by  Messrs.  M.  A.  C.  Hinton  and  A.  S.  Kennard. 
The  human  settlement  appears  to  have  belonged  to  the  Iron  ^e,, 
and  the  domesticated  animals  included  the  horse,  ox,  sheep,  pig, 
and  fowl.  The  Ootteswold  Club  has  also  issued  (as  a  Supplement 
to  vol.  xiv)  a  useful  Table  of  the  Contents  of  the  Proceedings, 
vols,  i  to  xiv,  1847-1903.  In  this  the  title  of  the  first  printed  paper 
should  have  been  given — it  is  "On  the  Geology  of  the  district 
explored  by  the  Cottes wolds  Club,  and  more  particularly  of  the 
Clay  subsoil  of  the  [Royal  Agricultural]  College  Farm,"  by  S.  P» 
Woodward,  pp.  2-8. 

TsBTiABY  Plutonic  Rocks  prom  thb  Islk  op  Rum.* — Mr.  Alfred 
Harker,  M.A.,  F.RS.,  writing  on  the  Plutonic  rocks  of  Tertiary  age, 
which  make  up  about  one-half  of  Rum,  states  that  the  ultrabasio 
group  is  the  most  important.  It  includes  various  peridotites,  some 
essentially  of  olivine,  but  others  containing  pyroxenes,  and  especially 
anorthite.  A  noteworthy  amount  of  lime  and  alumina,  giving  rise 
to  anorthite,  is  indeed  a  special  characteristic  of  the  group.  Equally 
striking  is  a  tendency  to  separation  of  the  more  peridotic  and  tpbe 
more  felspathic  portions  of  the  magma,  usually  with  a  stratiform 
disposition.  With  bands  of  true  peridotite  alternate  others  of  alli- 
valite,  a  rock  consisting  of  anorthite  (predominant)  and  olivine,  and 
even  containing  seams  of  pure  anorthite  rock.  Another  peculiar  type, 
styled  harrisite,  is  composed  essentially  of  olivine  (predominant)  and 
anorthite,  the  olivine  occurring  here  as  large  lustrous  black  crystals, 
with  good  cleavage. 

Later  than  all  these  rocks,  and  intruded  beneath  them,  comes  the 
eucrite  group,  which  shows  less  variety.  The  rocks  are  usually 
somewhat  rich  in  olivine ;  much  of  the  pyroxene  is  hypersthene,  and 
the  felspar  is  near  anorthite.  Still  later  comes  the  granite  gioap, 
mostly  hornblendic  and  often  with  granophyric  structures.  The 
acid  magma  has  entered  into  peculiarly  intimate  relations  with  the 
eucrite,  not  only  metamorphosing  and  impregnating  that  rock,  but 
enclosing  and  partially  incorporating  portions  of  it,  large  and  small. 
The  enclosed  portions,  in  a  half-digested  state,  have  been  streaked 
out  by  movement,  and  there  has  arisen  a  group  of  well-banded 
gneisses,  closely  resembling  the  Lewisian  of  the  north-western 
highlands.  These  Tertiary  gneisses  are  all  of  the  nature  of  hybrid 
and  composite  rocks,  of  which  the  contributing  elements  are  the 
eucrite  and  the  granite,  and  their  genesis  can  be  traced  step  by  step 
in  the  field. 

1  Bead  before  the  British  Association,  Cambridge,  Section  G  (Geology),  Aug.,  1904. 
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I. — The  Kishon  and  Jordan  Valleys. 

By  Professor  T.  O.  Bonnby,  D.Sc.,  LL.D.,  F.E.S. 

rpHAT  broad  trench  through  the  Palestine  Highlands,  an  ancient 
JL  highway  and  battlefield  of  nations—the  plain  of  Esdraelon  or 
the  valley  of  Megiddo,  together  with  the  plain  of  Acre — has  for 
long  presented  to  me  a  difficult  problem  in  Physical  Qeology, 
for  it  seemed  inexplicable  by  subaerial  denudation  under  existing 
conditions.  Its  floor  varies  roughly  from  five  to  eight  miles  in 
breadth ;  running  approximately  from  south-east  to  north-west, 
it  is  bounded  on  the  more  western  side  by  the  limestone  mountains 
of  Samaria  and  on  the  more  eastern  by  those  of  Qalilee.  The  former 
descend  from  the  ridge  of  Oarmel  (1,742  feet  at  highest)  with 
a  fairly  steep  escarpment,  which  becomes  a  little  less  regular  as  we 
follow  it  to  the  bastion-mass  of  Mount  Gilboa ;  the  latter  correspond 
in  their  general  outlines  with  those  of  the  eastern  portion  of  Samaria, 
but  the  advance  of  a  lower  spur  towards  the  south-west  divides 
the  plain  of  Esdraelon  from  that  of  Acre,  by  a  kind  of  strait  in 
which,  so  far  as  I  could  see,  th^re  is  but  little  level  ground  on  either 
side  of  the  Kishon.  This  spur,  however,  of  the  northern  hills, 
hardly  does  more  than  interrupt  the  floor  of  the  Kishon  valley,  for 
above  it  the  great  trench  is  continued  between  two  hill  masses, 
much  qf  these  ranging  from  thirteen  to  sixteen  hundred  feet  above 
.sea-level.  Beyond  the  strait  the  upper  basin  (plain  of  Esdraelon) 
quickly  broadens  out,  extending  towards  the  south-east  for  about 
fifteen  or  sixteen  miles,  where  it  is  divided  into  two  arms  by  Jebel 
Duhy  (Little  Hermon)  (1,690  feet),  which  is  thus  isolateid  from 
Tabor  (1,846  feet)  on  the  north,  and  from  Oilboa  (1,698  feet)  on  the 
south ;  a  broad,  rather  shallow,  grassy  valley  descending  from  the 
last-named  mass  to  lose  itself  in  the  plain.  Neither  it  nor  one 
or  two  other  tributaries  from  the  Galilee  hills  count  for  much,  but 
the  two  arms  maintain  their  trench-like  form,  cutting  through  the 
limestone  isthmus  which  must  once  have  united  Samaria  and 
€Milee.  These  are  still,  though  much  narrower  than  the  plain 
of  Esdraelon,  disproportionately  broad;  their  watersheds  are  low, 
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ill-marked,  and  He  farther  west  than  the  natural  poeition.  The  gap 
between  Dahy  and  Tabor  is  the  narrower,  and,  bo  far  as  I  cm 
ascertain,  a  few  feet  the  higher;  that  between  the  former  and 
Gilboa  is  between  two  and  three  miles  wide  and  aboat  270  feet 
aboTe  sea-level.  One  position  in  the  *  strait '  leading  to  the  plain 
of  Acre,  according  to  the  Palestine  survey  map,  is  80  feet  aJiova 
sea-level,  so  the  average  down-slope  of  the  plain  of  Esdraelon  most 
be  about  four  yards  in  a  mile.  A  plain  it  is  not,  however,  in  audi 
a  strict  sense  of  the  word  as  the  Oambridgeshire  fenland ;  for  the 
bases  of  the  hills  of  Galilee  on  one  side  and  of  Samaria  on  the 
other  shelve  gently  down  with  occasional  slight  undulations  so 
as  to  fuse  imperceptibly  with  the  actually  level  ground  near  the 
river  brink.  All  this  low  land  is  covered  with  a  thick,  rich  brown 
earth,  a  broad  fertile  expanse  of  arable  land  and  herbage,  in  striking 
contrast  with  the  comparatively  bare  limestone  masses  on  either  side. 

Obviously  this  is  a  river  valley — a  trench  not  less  than  a  thousand 
feet  deep  cut  through  the  limestone  highlands  of  Palestine — but  it  is 
on  much  too  large  a  scale  to  have  been  excavated  by  the  present 
Kishon  system.  The  difficulties  increase  when  we  examine  the 
Jordan  valley.  That  is  another  trough,  seldom  less  and  often  more 
than  four  miles  wide.  Its  bed,  where  reached  by  the  southern  of 
the  two  passes,  must  be  at  least  700  feet  below  sea-level/  so  Uie 
drop  from  the  watershed  must  be  quite  950  feet.  The  Jordan  has 
carved  its  present  course  through  old  lacustrine  deposits,  of  which 
we  need  now  only  say  that  they  were  formed  when  an  unbroken 
sheet  of  water  extended  from  the  divide  between  the  Bed  and  the 
Dead  Seas  to  the  northern  end  of  Lake  Huleh.^  They  extend  into 
a  recess  between  the  roots  of  Little  Hermon  and  Qilboa,  where, 
about  350  feet  above  the  river,  is  Beisan,  the  ancient  Bethshean. 

The  depth  of  the  Sea  of  Galilee  is  about  165  feet,  and  it  may 
occupy  a  true  rock  basin,  for  the  river,  no  great  distance  below  its 
outlet,  runs,  according  to  Lynch,'  over  a  rocky  bed.  The  surface  of 
the  Dead  Sea  is  about  1,292  feet  below  the  Mediterranean,  its 
greatest  depth  being  1,278  feet,  and  the  watershed  between  it  and 
the  Red  Sea,  on  which  are  outcrops  of  limestone,  is  660  feet  above 
the  latter.     As  so  much  has  been  written  on  the  Jordan  valley,*  it 

'  The  Sea  of  Galilee  is  682*5  feet  below  sea-level. 

^  The  water  in  this  ancient  lake  seems  to  have  risen  to  about  1,398  feet  above  its 
present  level,  or  some  98  feet  above  the  sea ;  that  would  be,  in  round  numbers,  90  feet 
above  the  present  surface  of  Huleh. 

>  ''  Eiroedition  to  the  Dead  Sea  and  the  Jordan,"  chs.  viii  and  ix. 

*  The  uterature  connected  with  this  subject  is  extensive,  but  I  may  say  thai,  until 
I  formed  the  conclusion  expressed  in  this  paper,  I  consulted  books  to  ascertain  facts 
rather  than  opinions.  I  made  great  use  of  Professor  Hull's  Memoir  in  the  ♦*  Survey 
of  Western  Palestine  "  (though  venturing  to  differ  in  one  or  two  matters  from  him). 
Valuable  references  to  literature  are  to  be  found  in  Professor  Suess*  classic  won 
**Das  Antlitz  der  Erde,"  Professor  Lartet's  **  G^logie  de  la  Mer  Morte,"  and 
Professor  Gregory's  "  Great  Rift  Valley,"  ch.  xiii.  I  may  also  mention  Profesm: 
I.  C.  RusselTs  paper  in  this  Magazine  (1888,  p.  838,  etc.),  and  the  one  by 
Mr.  Hudleston  on  tne  Central  African  Lakes  in  the  present  volume.  I  have  afoo 
consulted  papers  by  Dr.  Diener  and  Dr.  Blanckenhom,  though  to  one  or  two  of  tiidr 
writings  Ihave  not  had  access. 
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will  soffioe  to  say  (1)  that  all  features  whioh  meet  the  eye  are 
indicAtiTe  of  subaerial  erosion ;  (2)  that  examination  of  its  geological 
fltroctare  shows  it  to  have  been  initiated  and  determined  by  a  series 
of  more  or  less  parallel  faults,  which  extend  from  somewhere  south 
of  the  Taurus  range  to  the  junction  of  the  Gulf  of  Akabah  with  the 
Red  Sea,  where  they  run  up  against  another  and  still  greater  system ; 
(8)  that  some  geologists  consider  the  depression,  now  partly  occupied 
by  the  Dead  Sea,  and  the  elevation  to  the  south  of  it,  to  be  original 
features  produced  by  unequal  subsidence  during  the  process  of 
faulting,  while  others  maintain  that  the  Jordan  once  found  its  way 
southward  through  the  Gulf  of  Akabah  and  that  the  present  con- 
figuration of  its  bed  is  due  to  subsequent  movements  di£fering  in 
direction  from  the  original. 


Fio.  1. — The  Neighbourhood  op  the  Esdraelon  Gap, 

Before  proceeding  farther  I  venture  to  call  attention  to  the  mis- 
application (increasing,  I  think)  of  the  term  'rift  valley'  to  the 
Jordan.  In  the  strict  sense  of  the  word  '  rift '  (according  to  good 
dictionaries  of  our  language)  such  a  valley  must  be,  on  any  large 
scale,  a  great  rarity.  One  would  not,  however,  quarrel  much  with 
the  application  of  the  term  (as  by  Professor  Gregory  in  Masailand) 
to  a  valley  where  the  surface  of  rupture,  at  least  on  one  side,  was 
still  comparatively  *  raw ' — unmodified  by  denudation.  That  cannot 
be  said  of  the  Jordan,  where  the  fault  system  can  only  be  detected 
on  examination.  Every  feature  in  the  landscape  speaks  of  ordinary 
meteoric  agencies,  so  that  the  Lake  of  Gennesaret  and  the  Dead  Sea 
are  no  more  suggestive  of  *  rifts '  than  the  Lakes  of  Orta  or  of  Geneva. 
The  Jordan  vcdley,  to  use  the  accurate  phrase  applied  to  it  by  Suess,^ 
is  part  of  a  *  graben  versenkung.'  '  Rift '  is  not  an  accurate  trans- 
lation for  'graben';  'trough'  is  far  better,  and  as  we  speak  of 

>  **  Antlitz  der  Erde,"  toI.  i,  pp.  481,  482,  etc.     (See  p.  873  et  acq.  of  the  newly 
published  translation  by  Miss  &  Profeeaor  SoUas.) 
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a  '  trough-faalt,'  why  not  a '  trough  -valley,'  or,  if  we  wish  to  be  inety 
preoise,  a  ' troagh*fault  valley'?  But  a  new  word,  eepeoially  ^ 
a  little  improper,  seems  to  be  as  fasoinaUog  to  some  geologists  as  it 
is  to  children  I 

No  one  doabts  that  the  physical  features  of  Palestine  have  all  been 
developed  sinoe  the  age  of  the  Nummulitic  Limestone ;  their  broad 
outlines  were  probably  determined,  as  we  shall  presently  see,  by 
the  beginning  of  glaoial  times.^  To  exoavate  the  broad  'Eishon 
valley '  requires,  in  my  opinion,  not  only  a  heavier  rainfall,  but  also 
a  much  larger  drainage  area  than  now  exists.  It  is  obvioualy 
a  '  beheaded '  valley ; '  the  two  streams  desoending  to  the  Jordan 
on  either  side  of  Jebel  Duhy  have  trespassed  westwards  and  pushed 
the  watershed  in  that  direction.  In  other  words,  I  consider  the 
Kishon  valley  to  be  older  than  that  of  the  Jordan,  and  still  to 
retain,  west  of  the  passes,  its  principal  ancient  features.^  But  where 
was  the  original  watershed?  If  it  were  to  the  west — somewhere 
out  in  the  Mediterranean — then  Jebel  Duhy  must  have  been  an 
island  dividing  the  river  into  two  channels ;  a  thing  possible,  but 
the  less  probable  hypothesis.  The  features  described  above  appeared 
to  me,  when  I  visited  the  country,  to  demand  a  watershed  well 
to  the  east  of  the  line  connecting  Tabor  with  Gilboa  over  Duhy. 
The  watershed  may  have  disappeared  in  the  trough-faulting  which 
determined  the  Jordan  valley ;  but  I  doubt,  apart  from  oUier 
obvious  difficulties,  whether  that  would  be  far  enough  to  the  east, 
and  am  disposed  to  place  it  on  the  Syrian  highlands  nearer  to  that 
from  which  streams  now  descend  westwards  to  the  Joixlan,  because 
the  lower  part  of  the  valley,  the  present  Kishon,  seems  to  me  so 
deep,  level,  and  flat  that  it  could  only  have  been  made  by  a  stream 
not  much  less  important  than  that  of  the  Jordan  itself.  I  am 
unable  to  identify  the  old  course  of  its  upper  waters  with  any 
existing  valley ;  but  that  is  not  surprising,  because  the  amount 
of  subsidence  in  the  Jordan  trough  has  maintained,  if  it  has  not 
accelerated,  denudation  on  its  western  flank,^  while  cutting  oC 
the  supply  has  left  the  lower  part  of  the  ancient  valley — the 
Esdraelon-Aore  trench— very  much  as  it  was.'  So  I  suppose  tiie 
movement  which  first  raised  the  Syrian  highlands  (including 
Palestine)  above  the  sea  culminated  at  an  axis  still  indicated  by 
the  head  waters  of  the  Jarmnk,  the  Zerka,  and  many  other  streams, 

1  It  is  almost  needless  to  obserre  that  in  this  interval  much  work  was  done  in 
*  making  scenery '  all  round  the  Mediterranean  border. 

*  My  friend  Professor  J.  W.  Gregory  emphasises  this  conclusion  in  his  "  Great 
Rift  Valley"  (pp.  253-265),  but  I  may  say  tnat  each  of  us  reached  it  independently 
of  the  other,  and  we  take  opposite  views  as  to  which  was  the  executioner.  The 
sketch-map  inserted  above  (Fig.  1),  for  which  I  am  indebted  to  his  kindness  and 
Ihat  of  his  publisher,  Mr.  J.  Murray,  brings  out  very  clearly  the  extent  of  the 


'  The  outlet  of  the  Orontes  fNahr-el-Asi),  perhaps  also  of  the  Leontes  (Nahr-el» 
Dtanv),  may  be  eontemporarj  teatures  in  the  structure  of  Syria. 

*  To  this,  of  course,  I  attribute  the  westward  trespassing  of  the  shorter  skeame  on 
that  side.  i 

^  To  behead  a  valley,  as  we  can  see  in  the  case  of  the  Inn  between  St.  Moritx  and 
the  Maloya,  practically  puts  a  stop  to  erosion  in  the  uppermost  basin. 
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which  formerly  made  their   ways    (the    final   outlets  not  being 
namerous)  westwards  to  the  Mediterl*anean. 

We  come  next  to  the  great  trongh-valley.  So  much  has  been 
written  about  this,  which  inclndes  the  whole  ooarse  of  the  Jordan 
and  the  major  part  of  both  the  Leontes  and  the  Orontes,  that  I  need 
not  enter  into  minnte  details.  Dr.  Blanckenhom's  section  across 
southern  Palestine^  makes  the  general  structure  perfectly  clear. 
The  high  upland  west  of  the  Jordan  is  formed  by  a  flattened  anticline, 
the  eastern  arm  of  which  is  dropped  down  by  three  parallel  faults, 
the  outermost  practically  forming  the  west  side  of  that  Talley^ 
A  single  but  greater  downthrow  does  the  same  on  the  opposite  or 
eastern  side,  so  the  higher  strata  on  both  sides  of  the  river  are  nearly 
on  a  level.  The  western  flexure  is  prolonged,  exaggerated,  and 
complicated  in  the  Lebanon  range;  the  eastern  in  that  of  Anti- 
Lebanons,  which  I  suppose  to  have  been  the  earlier  of  the  two.* 
Was  the  watershed  between  the  Oulf  of  Akabah  and  the  Dead  Sea, 
with  the  formation  of  the  latter  and  the  peculiar  depression  of  the 
major  part  of  the  Jordan  valley,  mainly  determined  by  unequal 
subsidence  of  the  faulted  down  trough-blocks,  or  was  this  valley, 
after  its  first  definition,  excavated  down  to  the  live  rock  which, 
though  now  generally  invisible,  must  form  its  true  floor,  and 
subsequently  traversed  by  flexures,  due  to  forces  acting  nearly  at 
right  angles  to  the  former  set,  which  produced  the  general  depression 
at  the  northern  end  and  the  marked  barrier  near  the  southern? 
Most  authorities  adopt  the  former  view.  They  consider  that  the 
limestone,  which  crops  out  in  ridges  near  this  barrier  in  the  bed 
of  the  trough,  and  the  fact  that  the  glens  north  of  it  trend  towards 
the  Dead  Sea  and  south  of  it  to  the  Qulf  of  Akabah,  indicate  the 
Arabah-Akabah  watershed  to  have  existed  from  the  first  But 
travellers  describe  the  valley  bed  as  if  (apart  from  the  lacustrine 
deposits)  it  agreed  very  closely  with  the  Ghor  itself.  But  we  should 
expect  that,  if  these  ridges  were  the  remnants  of  an  ordinary 
watershed,  the  united  streams  from  each  side  of  it  would  have  carved 
in  the  fioor  of  the  trough  a  pair  of  narrow  '  wadies '  running  in 
opposite  directions :  in  other  words,  that  we  should  find  here 
a  closer  resemblance  to  the  valley  of  the  Jordan  north  of  Lake 
Huleh.  As  a  considerable  amount  of  denudation  must  have  taken 
place  while  the  Jordan  Lake  was  filling,  and  must  have  been 
4X)ntinued  while  it  was  shrinking  (for  I  suppose  the  cutting  of 
terminal  ravines  such  as  those  of  the  Eedron  and  the  Kelt  to  be 
distinctly  late  features),'  I  am  not  surprised  at  the  general  directions 
of  the  larger  valleys. 

*  Through  Bethlehem ;  see  Zeitschr.  d.  Deutsch.  Palest.  Vereins,  xix  (1898), 
pp.  1-59. 

^  To  compare  smaller  with  larger  mountaiiis,  the  stmotore  here  seems  generally 
similar  to  that  of  Switzerland  from  the  French  nrontier  to  the  watershed  hebreen  the 
fihine  and  the  Inn. 

'  In  fact,  more  than  one  feature  which  I  ohserved  during  my  short  Tisit  to 
Palestine  suggested  that  in.  the  uplands  denudation  was  proceedmg  rery  slowly,  hut 
became  much  more  rapid  in  the  yidnity  of  the  Jordan. 
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But  the  study  of  ita  fauna  and  flora  has  mnoh  strengthened 
the  arguments  for  the  former  conneotion  of  the  Jordan  vallej 
with  the  Oulf  of  Akahah.  In  Canon  Tristram's  words/  written 
twenty  years  ago  (whioh,  as  we  can  see  from  the  ezoeUent 
summary  given  hy  Professor  Gregory/  have  heen  fortified  hy 
additional  evidence),  "  A  review  of  the  botany  as  well  as  the  soology 
of  the  Dead  Sea  basin  reveals  to  us  the  interesting  fact  that  we  find 
in  this  isolated  spot  .  •  .  •  a  series  of  forms  of  life,  differing 
decidedly  from  the  species  of  the  surrounding  region,  to  whioh  they 
never  extend,  and  bearing  a  strong  affinity  to  the  Ethiopian  region, 
with  a  trace  of  Indian  admixture.  As  the  species  whidi  serve  as 
the  most  striking  illustrations  of  this  fact  live  either  in  or  beside 
fresh  water,  a  river  connection  is  the  most  natural  agency  by  which 
to  account  for  it,  and  as  these  species  are  absent  from  the  Lower 
Nile  valley  and  from  Egypt,  the  river  connection  must  have  been 
established  along  the  eastern  side  of  the  range  of  highlands  whidi 
separates  the  Nile  from  the  Bed  Sea."  Professor  Gregory,  though 
advocating  this  connection,  thinks  it  unnecessary  to  assume  that 
"a  river  flowed  the  whole  way  from  the  Jordan  to  the  northern 
end  of  the  Bed  Sea,"  because  fish  from  the  south  might  have 
made  their  way  to  a  lake,  whioh  is  shown  by  its  deposits'  to 
have  existed  on  the  northern  side  of  the  watershed  and  a  few 
feet  below  it,  when  "  an  occasional  flood  or  a  slight  earth -movement 
would  have  enabled  them  to  enter  the  stream  which  flowed  north- 
wards." That,  no  doubt,  is  possible,  though  I  should  think  not 
very  probable,  unless  the  spawn  were  conveyed  by  birds,  but  it  does 
not  account  for  the  continuous  trench  of  the  Arabah-Akabah  valley. 
Professor  Hull  is  not  unconscious  of  this  difficulty,  for  he  says, 
speaking  of  the  valley  of  the  Arabah  and  this  watershed/  '*it  is 
difficult  to  see  how  this  great  valley,  which  is  sometimes  seven 
or  eight  miles  in  width,  especially  near  its  centre,^  could  have  been 
excavated  and  levelled  down  unless  the  action  of  the  rivers  and 
streams  of  the  bordering  hills  had  been  originally  supplemented 
by  the  levelling  action  of  the  sea  waves  on  the  south  and  the 
inland  waters  of  a  great  lake  on  the  north  of  the  watershed."  Bat 
so  far  as  I  am  aware,  there  is  no  proof  that  the  old  Jordan 
valley  lake  ever  rose  more  than  about  a  hundred  feet  above  the 
Mediterranean,  and  if  the  sea  waves  were  to  approach  near  to 
this  barrier,  to  cut  a  fjord  from  forty  to  forty-five  miles  long, 
north  of  the  present  shore  at  Akabah,  either  the  sea  must  have 
been  more  than  600  feet  higher  or  the  land  the  same  amount 
lower  than  at  present  In  the  former  case  I  think  that  the 
Mediterranean  would  probably  have  occupied  the  valley  of  Esdraelon 
and  gained  access  to  the  inland  lake  on  one  or  both  sides  of  Jebel 

1  "  The  Fauna  and  Flora  of  Palestine  "  (1884),  p.  xvi. 

*  "  The  Great  Rift  VaUey  "  (1896),  p.  262. 
'  They  were  disooyered  by  Professor  Hull. 

*  Mount  Seir  (1855),  p.  82. 

*  In  the  **  Survey  of  Western  Palestine"  (Geology),  p.  18,  he  says  that  nortii  of 
the  watershed  it  is  nearly  double  (6  or  7  miles). 
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Dohy ;  in  the  latter  some  sort  of  uphearal  is  admitted.  Prof.  Lartet, 
in  his  excellent  memoir,  objeots  to  a  differential  uplift  in  the  bed 
of  the  Jordan  Talley  on  the  ground  that  there  is  no  distarbanoe 
of  horizontality  in  the  strata  exposed  in  its  flanks.  But  we  must 
remember  that  as  the  beds  on  both  sides  dip  (on  the  west  rather 
strongly)  towards  the  Talley,  a  slope  at  right  angles,  or  in  its 
direotion,  would  be  masked,  especially  as  this  would  be  small.^  But 
according  to  Professor  Lartet's  map  the  strata  do  dip  in  the  required 
direction.  Both  he  and  Professor  Hull  represent  Nubian  sandstone 
cropping  out  beneath  the  Cretaceous  limestone  very  near  the  Arabah- 
Akabah  watershed.  The  former  runs  downwards  to  the  south  end 
of  the  Dead  Sea,  and  can  be  traced  beneath  the  great  masses  of 
limestone  forming  the  Moab  Hills,  until  it  disappears  opposite  to 
Jebel  Euruntil.^  After  a  time,  according  to  Professor  Hull's  map, 
it  again  crops  out,  being  seen  for  the  last  time  nearly  due  east 
of  Shechem.  Thus  there  must  be  a  considerable  bending  or 
displacement  parallel  with  the  east  and  west  fault  running  from 
near  Bethlehem  to  the  Dead  Sea.  True,  this  only  accounts  for  about 
one-third  of  the  amount  which  the  flexure  hypothesis  requires,  but 
the  beds  may  have  been  already  somewhat  bent  down  when  the 
trough-faulting  began.  This  hypothesis  obviously  implies  that 
the  whole  region  from  the  Arabah  to  the  sources  of  the  Jordan  has 
been  considerably  depressed.  The  latter,  so  far  as  I  can  ascertain, 
range  from  about  three  to  rather  over  seven  hundred  feet  above  sea- 
level,  which  would  be  too  low  if  the  drainage  had  ever  reached  the 
Gulf  of  Akabah.  But  this  and  the  '  sag '  necessary  (as  indicated  above) 
to  form  the  Sea  of  Galilee  (in  an  east  and  west  line  with  which  are  the 
plateau  of  Asoohis  and  the  Bay  of  Acre ;  also  the  marked  escarpment 
in  the  hills  west  of  Safed)  all  suggest  a  system  of  faults  and  flexures 
almost  at  right  angles  to,  and  so  probably  not  coeval  with,  the 
north  and  south  system  defining  the  Jordan  valley.  All  geologists 
agree  that  before  the  end  of  the  Pliocene  period,  *'  the  existing  land 
surfaces  on  either  side  of  the  Jordan- Arabah  valley  were  in  a  con- 
dition not  very  different  from  that  of  the  present  day,  at  least  in 
their  main  features."  Professor  Hull,  from  whom  these  words  are 
quoted,'  says  '*  at  the  close  of  the  Miocene  epoch,"  but  I  am  doubtful 
whether  we  can  adopt  this  limit  If,  as  is  very  possible,  the  two 
greater  systems  of  disturbances,  which  oertainly  affected  a  large 
part  of  the  Mediterranean  area,  extended  thus  far  east,  the  first 
uplift  would  occur  at  the  close  of  the  Eocene  and  the  consequent 
sculpture  during  the  Miocene  period  ;  the  formation  of  the  Jordan 
trough  would  belong  to  the  second,  or  immediately  post-Miocene 
movements,  by  which  large  parts  of  the  western  half  of  the  Alps 
were  so  profoundly  affected;  and  its  sculpture  would  proceed 
during  the  Pliocene,  the  flexure  of  the  trough  occurring  rather 

^  Taking  the  watershed  as  700  feet  above,  and  the  Dead  Sea  as  1,800  feet  below, 
sea-lerel,  we  get  in  round  nombers  a  drop  of  2,000  feet  in  about  70  miles,  or  on 
a  rough  ayerage  1  in  175 — less  than  a  degree. 

*  The  Mount  of  Temptation,  the  supposed  scene  of  the  Forty  Days'  Fast, 
conspicuous  from  and  to  north-west  of  Jencho. 

»  "Surrey  of  Western  Palestine"  (Geology),  p.  112. 
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later  in  ibis  period.'  That  it  was  oomplete  before  the  Qlaoial  Bpoek 
began  is  generally  admitted.  Dr.  Blanckenbom,*  adopting  tbe  three 
epochs  of  ioe-extension  recognised  in  Qennanyy  gives  this  arrange- 
ment of  tbe  later  history  of  tbe  Jordan  valley : — 

(1)  First  ice-age  (rain  epoch)  :  greatest  height  of  the  Jordan 
valley  lake. 

(2)  First  interglacial  (dry  epoch) :  probable  sinking  of  lake  to 
about  328  feet  al^ve  present  leVel,  when  tbe  salt  of  Jebel  Usdnm 
was  precipitated. 

(3)  Second  ice-age :  rise  of  lake  and  formation  of  the  high  terraoes. 

(4)  Second  interglacial  :  probably  the  age  of  tbe  volcanic  out- 
breaks,^ so  conspicuous  in  the  northern  part  of  the  valley  (also  the 
cutting  of  the  Ghor). 

(5)  Third  ice-age  :  formation  of  the  lower  terraoes. 

This  chronological  scheme  is  rather  hypothetical,  but  it  deserves 
careful  consideration.  I  think,  however,  I  am  right  in  claiming  the 
Esdraelon  valley  as  a  fragment  of  a  system  older  than  tbe  Jordan, 
and  pronouncing  that  river  guilty  of  removing  its  neighbour's  land- 
mark westward.  Such  a  removal  is  almost  inevitable,  because  the 
descent  of  its  tributaries  on  the  right  bank  is  so  much  more  rapid 
than  tbe  slope  of  the  Kisbon  valley. 

II. — On  a  nbw   Crocodilian   Qbnus    (Notochampsa)   fhom  thi 
Upper  Stormbebg  Bbds  of  South  Afbioa. 

By  R.  BaooM,  M.D.,  Victoria  Coll.,  Stellenbosch. 

MR.  A.  L.  DU  TOIT,  of  the  Cape  Geological  Commission,  who 
has  been  for  some  months  engaged  in  studying  the  Stormberg 
beds  in  tbe  eastern  part  of  tbe  Colony,  has  been  fortunate  in  making 
a  number  of  discoveries  of  very  great  interest  to  tbe  palaaontologist 
Among  Vertebrates  his  most  important  finds  have  been  the  remains 
of  two  small  crocodiles. 

Tbe  first  specimen,  which  was  discovered  by  Mr.  A.  Isted  in  the 
Cave  Sandstone  at  Funnystone,  Barkly  East,  consists  of  the  im- 
pressions of  the  under  sides  of  most  of  the  upper  bones  of  the  skull 
and  of  most  of  the  dorsal  armour.  There  are  also  preserved  the 
remains  of  a  scapula,  a  humerus,  a  radius  and  ulne^  a  femur,  and 
a  number  of  ribs.  A  restoration  of  tbe  skull  is  shown  in  Fig.  I. 
When  complete  it  probably  measured  130  mm.  in  length,  and  the 
length  of  the  whole  crocodile  was  probably  about  600  mm.  Though 
the  skull  is  too  imperfectly  preserved  to  show  what  are  the  relations 
to  the  already  known  families,  enough  is  preserved  to  show  that  tbe 
crocodile  belongs  to  the  suborder  Amphiooslia  of  Owen  (»3fes#- 
suchia,  Huxley).     Tbe  skull  is  characterised  by  the  very  large  sias 

»  One  is  reminded  of  the  east  and  west  flexures  of  later  Pliocene  age  in  the  sontfaen 
part  of  England. 

3  ''Entstehnng  und  Gesichte  des  Todten  Meeres  " :  Zeitsch.  d.  Beutsch.  Palest. 
Vereins,  xix  (1896),  pp.  1-64. 

^  There  is  nothing  left  to  give  a  precise  date  to  this  period,  during  which,  according 
to  Dr.  Blanckenhom,  prehistoric  man  appeared.  It  is  supposed  to  be  contemporaneooB 
with  that  of  the  German  loess. 
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of  the  squamosal  bones,  bj  the  moderate  size  of  the  sapra-temporal 
openings,  by  the  nasals  taking  little  part  in  the  formation  of  the 
«nont,  and  by  eaoh  maxillary  having  only  a  few  large  teeth — 
probably  6  or  8. 

I  propose  to  oall  the  form  Notoehampia  litedana. 
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1. — EestoratioD  of  skull  of  NotochampM  Istedana.  x  f.  Fr.  frontal ; 
la.  lachrymal;  Mx.  maxilla;  Na,  nasal;  Fa»  parietal;  P.O.  post- 
orbital  ;  S.O.  supra-occipital ;  Sq,  squamosal. 

Fio.  2. — Pelvic  bones  of  Notoehampsa  Umgipea.     x  \,    Is.  ischium  ;  iV.  pubis. 

Fio.  3.— -Twelfth  dorsal  scute  of  Notochampta  Istedana,     x  }. 

Fio.  4. — Dorsal  scute  of  N,  Ungipes,     x  \. 

The  seoond  specimen  was  found  by  Mr.  Du  Toit  near  the  top  of 
the  Red  beds  at  Eraai  River,  Eagles  Crag,  Barkly  East  Though 
less  is  preserved  than  in  the  other  specimen,  the  state  of  preservation 
is  much  better.  The  following  bones  have  been  displayed  : — the 
almost  perfect  pabes  and*ischia,  an  imperfect  ilium,  the  almost 
perfect  right  hind-limb,  including  the  foot,  the  imperfect  left  hind- 
limb,  the  imperfect  right  fore-limb,  portions  of  the  dorsal  and 
ventral  armour,  and  a  few  imperfect  vertebraa.  A  comparison  of  the 
dorsal  plates  with  those  of  Noioehampsa  Istedana  shows  that  the 
specimen  from  the  Red  beds  belongs  to  a  different  species,  though 
probably  the  same  genus.    The  pelvis  is  typically  Crocodilian  in 
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that  the  pubis  does  not  enter  the  aoetabalam.  The  iliam  is  of  small 
size.  The  limb  bones  are  unusually  long  and  slender.  There  aro 
only  four  digits  developed  in  the  pes.  The  vertebrsa  are  bioonoave, 
but  the  ooncavities  are  shallow. 

For  this  seoond  speoies  I  propose  the  name  NoiochampBa  Umgtpe^. 
If  the  two  speoimens  are  both  adult,  then  N,  langipea  would  probably 
be  about  two-thirds  the  size  of  N.  Istedana. 

The  Stormberg  beds  until  recently  have  usually  been  regarded  as 
Triassio.  Seward,  however,  as  the  result  of  his  study  of  the  plants 
of  the  Lower  Stormberg  or  Molteno  beds,  has  recently  shown  that 
these  beds  are  of  Bhsetio  age,  and  as,  aooording  to  Mr.  Du  Toit,  the 
horizon  of  the  fossil  crocodiles  is  at  least  1,000  feet  above  the 
Molteno  beds,  we  are  probably  safe  in  regarding  Notochamp$a  as  of 
Lower  Jurassic  age. 

A  full  description  of  the  remains  will  appear  in  the  Annals  of  the^ 
South  African  Museum. 

In  view  of  the  great  interest  of  the  discovery  the  Geological 
Commission  has  kindly  granted  me  permission  to  communicate  this 
preliminary  notice  to  the  Gkologioal  MAQi.ziNB. 


III. — On  the  Homotaxial  Equivalbmts  of  the  Lower  Culm  of 

NoBTH  Devon. 

By  Wheelton  Hind,  M.D.,  B.S.,  F.R.C.S.,  F.G.S. 

I  AM  glad  that  my  paper  on  the  Coddon  Hill  beds,  published  in 
the  Geological  Magazine,  August,  1904,  pp.  892-403,  has 
aroused  criticism,  and  could  only  have  wished  that  Dr.  Yaughan  had 
been  familiar  with  the  Carboniferous. sequence  of  the  Pennine  area 
and  Belgium.  The  matter  is  not  one  to  be  solved  by  the  casual 
appearance  in  any  definite  bed  of  a  few  Brachiopods,  at  one  only  of 
the  many  horizons  at  which  they  are  known  to  occur  in  other 
localities,  for  the  whole  of  the  fossils,  which  are  quoted  by 
Dr.  Yaughan  as  the  foundation  for  his  argument  that  the  Coddon 
Hill  Beds  are  low  down  in  the  Carboniferous  sequence,  are  equivocal 
as  far  as  their  value  as  zone  indices  goes.  And  on  the  other  hand. 
Dr.  Yaughan  completely  ignores  those  fossils  which  are  unequivocal 
and  which  denote  a  well -recognised  horizon,  and  curiously  enough, 
too,  correspond  with  a  marked  change  in  lithological  character  of 
the  Carboniferous  sequence.  In  the  first  place,  I  do  not  see  where 
Dr.  Yaughan  found  any  statement  in  Mr.  Howe's  and  my  paper  on 
the  Pendleside  group  at  Pendle  Hill  (Q.J.G.S.,  vol.  Ivii)  that  the 
Pendleside  series  are  the  equivalents  of  the  Millstone  Grit  of  South 
Wales  and  the  Mendip  areas.  The  table  on  the  page  quoted  (p.  388) 
distinctly  shows  that  we  consider  the  Pendleside  series  to  lie 
universally  below  beds  equivalent  to  Millstone  Grit,  and  we  do  not 
mention  the  series  of  the  Bristol  and  Mendip  area  because  we  were 
not  well  enough  acquainted  with  that  district  to  do  so. 

To  turn  to  the  evidence  afforded  by  the  Brachiopoda  and  Zaphren- 
toids  of  Coddon  Hill  Beds.  Every  species  mentioned  in  Dr.  Yaughan*s 
list  occurs  in  the  Pendleside  series  in  the  Pendle  and  BoUand  area 
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and  in  North  Staffordshire  and  Derbyshire,  and  my  specimens  have 
been  kindly  identified  by  Dr.  Yaaghan,  with  the  exception  of  L^tena 
analogek^  and  they  occary  not  only  in  typical  Pendleside  beds,  in  the 
type  area,  but  Dr.  Vanghan  recognises  the  following  species  in 
a  small  collection  I  made  at  Bishopton,  north  of  Oystermouth, 
Glamorganshire : — 

Ch(met«$  aif.  HardrenHt,  Spirifer  aif.  ekUhraiHt, 

Cleiothyrxa  glabriUriata, 

I  also  found  there  one  or  more  species  of  Trilobites  and  a  FenettMa, 
The  latter  Dr.  Yaughan  recognises  as  present  in  his  Toumaisian  of  the 
Bristol  area.  I  have  it  in  my  notes  that  a  specimen  of  a  Zaphrentoid 
coral  was  found  in  these  beds  in  my  presence.  In  the  Summary  of 
Progress  of  the  Oeologioal  Survey  of  the  United  Kingdom,  1900, 
pp.  86-90,  the  position  of  these  beds  is  discussed,  and  it  is  stated 
that  beds  of  similar  lithological  character  with  rotten  stone  and 
Badiolarian  cherts  occur  in  the  north  crop  of  the  South  Walea 
Carboniferous  basin  as  well  as  at  Bishopton.  Moreover,  Dr.  O.  J. 
Hinde  is  quoted  (p.  89)  as  having  found  Badiolaria  and  sponge 
spicules  in  specimens  both  from  Carmarthenshire  and  Glamorganshire. 

Further,  Dr.  Hinde  says :  *<  The  character  of  the  rook,  the  mode  of 
preservation  of  the  Badiolaria,  and  the  forms  themselves,  are  very 
similar  to  what  are  found  in  the  cherts  with  Badiolaria  from  the 

Lower  Culm  of  Devon  and  Cornwall And  two  of  the 

Badiolaria  showing  structure,  Forodi$cu$  and  CarpoBpharOf  are 
identical  species  with  those  figured  in  the  Culm  cherts." 

There  is  therefore  very  strong  evidence  from  Dr.  Vaughan's  own 
standpoint  that  the  Bishopton  and  Pen wy lit  beds  are  the  equivalent 
of  the  Coddon  Hill  Beds,  and  these  beds  overlie  the  thin-bedded 
limestones  of  Oystermouth,  which  lie  above  the  Oolitic  beds  of  the 
Carboniferous  Limestone  sequence. 

The  Bishopton  Beds  underlie  a  series  of  black  shales  with 

Potidoniella  lavis.  Olyphioceroi  diadema, 

Ofyphioeeras  bilinffue, 

specimens  of  which  I  obtained  from  the  bed  of  a  small  stream 
immediately  north  of  the  Bishopton  Beds,  a  fauna  never  yet  found 
below  beds  with  a  Yisean  fauna. 

If  the  Bishopton  Beds=Tournaisian,  where  are  the  representatives 
of  the  Yisean  in  South  Wales  ?  This  question  also  is  very  pertinent 
in  the  Coddon  Hill  district  if  Dr.  Yaughan's  views  are  correct.  In 
that  area  the  researches  of  Mr.  Newell  Arber  have  conclusively 
demonstrated  that  the  Upper  Culm  beds  are  the  homotaxial  equiva- 
lents of  the  Coal-measures,  and  he  has  rediscovered  at  Mouth  Mill, 
Clovelly,  and  Instow  the  fauna  mentioned  at  p.  397  of  my  paper, 
which  indicate  much  lower  beds.  I  regret  I  did  not  credit  him  with 
that  discovery  in  my  paper,  but  I  was  unaware  that  this  discovery 
and  rediscovery  was  entirely  due  to  his  work,  and  I  take  this,  the 
earliest  opportunity,  of  acknowledging  my  indebtedness  to  him  both 
directly  and  indirectly.    If  Dr.  Yaughan's  contention  is  correct  that 
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-Coddon  Hill  Beds  are  Tonrnaisian,  then  either  there  must  be  a  great 
uBoonformity  between  Ooddon  Hill  and  the  Upper  Culm,  or  the 
Yisean  beds  are  represented  by  beds  with  a  Millstone  Orit  and  Ooal- 
nieasnre  fanna  and  flora. 

And  yet  another  question  may  be  asked — Has  the  fauna  which 
I  consider  to  be  typical  of  the  Pendleside  series  ever  been  found  ia 
beds  of  Toumaisian  age  ?  This  point  Dr.  Vaughan  entirely  ignores. 
I  am  not  aware  that  this  has  been  the  case,  and  hence  another 
difficulty  in  accepting  Dr.  Yaughan's  views. 

We  know  that  at  Yis^  and  Clavier,  and  Chokier,  in  Belgium,  and 
in  Yorkshire,  Derbyshire,  Stafford  shire,  North  Wales,  and  the  West 
of  Ireland,  the  Pendleside  fauna  always  succeeds  a  Yisean  f&una, 
and  never  occurs  below  it,  and  I  make  this  statement  after  personallj 
examining  De  Eoninok's  large  collection  of  types  in  the  Musee  Boyale 
d'Histoire  Naturelle  at  Brussels  on  many  occasions,  and  many  years 
collecting  in  the  Pennine  area  in  England  and  in  the  west  of  Ireland. 

I  knew  that  several  similar  species  of  Brachiopoda  and  Zaphrentis 
occurred  both  at  Coddon  Hill  and  in  the  Pendle  area,  but  I  attached 
no  importance  to  them  as  indices  of  horizons,  and  did  not  quote  them 
because  I  knew  they  occurred  at  several  horizons.  I  know  of  at 
least  three  horizons  several  hundreds  of  feet  apart  in  the  Midlands 
where  Zaphrentoid  corals  occur  abundantly,  and  to  go  into  details 
with  regard  to  the  Coddon  Hill  Brachiopoda : — 

Chonetes  Laguessiana  (I  still  prefer  this  name)  occurs  at  many 
horizons  from  the  Calciferous  Sandstone  series  up  to  the  Qin  Mine 
coal,  high  up  in  the  North  Staffordshire  Coalfield,  being  abundant 
in  beds  about  2,000  or  3,000  feet  below  this  coal  in  the  Midlands. 

Zeptena  analoga  has  not  such  an  extensive  vertical  distribution. 
I  do  not  know  of  this  shell  above  the  base  of  the  Pendleside  series,  but 
it  also  occurs  very  low  down  in  the  Carboniferous  Limestone  series. 

Rhipidomella  JUichelini  occurs  from  the  Calciferous  Sandstone  series 
up  to  the  base  of  the  Millstone  Grits. 

Cleiothyris  glahristriata^  Phillips. — Davidson  considered  this  species 
to  be  the  interior  of  Athyris  Roynii,  and  I  am  not  aware  that 
Dr.  Yaugban  has  yet  published  his  views  as  to  the  rehabilitation  of 
this  species.  At  any  rate  it  occurs  at  Bishopton,  and  I  know 
of  shells  like  the  Bishopton  specimen  at  several  horizons. 

JSpirifer  aff.  claihratus. — This  species  must  remain,  for  the  present, 
a  doubtful  one,  as  we  are  not  yet  aware  on  what  grounds  Dr.  Yaughan 
desires  to  re-establish  the  species.  Davidson  (Brit  Carb.  Brachiopoda, 
p.  21),  discussing  Spirifer  striatus,  says,  "Professor  M*Coy  is  also  of 
opinion  that  what  he  described  in  1844  as  Sp.  dathrata  must  be 
added  to  the  list  of  synonyms."  M'Coy's  type  has  disappeared,  and 
he  only  gave  a  figure  of  the  large  or  branchial  valve  without  details 
of  beak  or  area.  Also  it  would  be  important  to  know  from  what 
locality  the  type  came,  and  whereabouts  in  the  Carboniferous  series. 

Spirifer  laminosa. — litis  shell  is  very  common  indeed  in  the 
Redesdale  ironstone,  in  the  Ash  fell  Beds  f^outh  of  Kirby  Stephen, 
and  Dr.  Yaugban  recognises  a  specimen  of  mine  which  occurs  with 
a  Yis6  fauna  at  Treyoliff,  Castleton.     The  Redesdale  ironstone  is 
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over  1,600  feet  below  beds  witli  a  Yi86  fauna,  and  Produetns  eora  = 
P.  semiretiadatuBj  and  P.  gigantevs  ooonr  with  it.  So  that  whatever 
inaj  be  the  oaae  at  Bristol,  it  is  abundantly  plain  that  none  of  the 
Braohiopoda  quoted  in  Dr.  Vaughan's  paper  run  true  over  the  Pennine 
area  in  England,  and  on  this  aooountl  consider  them  to  be  equivocal 
as  evidence  for  the  correlation  of  the  two  areas  ;  and  to  repeat  it,  is 
the  fact  that  from  Yis^  and  Clavier  in  the  east  to  co.  Clare  in  the 
west,  the  strata  that  immediately  overlie  the  Carboniferous  Lime* 
stone  are  characterised  by  beds  containing  : — 

Po$idonomya  Beeheri,  Orthoeeras  Morrisxanum. 

,,  m&mbranaeea,  Olyphioeeras  diadema. 

Fotidoniella  lavit,  ,,  nticuhtum. 

,,  mitMT,  ,,  tpirale, 

,,  Kirkmani,  Prolecanitei  eompretsut, 

PteiHnopeeten  papyraeetu.  „  mixolobus, 

Avimlopeeten  Loismi,  NamUmocera$  apirorbia. 

PteudmrnmiumJibriUoium,  Dimorphoceraa  Gilbertsmi. 

CJuBnoeardiola  Footii,  Oastrioeeras  earbanatiumj 

Orthoeeras  Koninekianum. 

and  many  others,  none  of  which,  as  far  as  I  know,  occur  in  bede 
below  the  Yisean  limestone. 

I  think  that  Dr.  Vaughan  has  greatly  strengthened  my  case  that 
the  Lower  Culm  beds  of  Devonshire  and  Cornwall  are  the  homotaxia^ 
equivalents  of  the  Pendleside  series,  having  emphasised  evidence 
which  I  neglected,  and  I  think  be  will  now  admit  that  the  Brachiopod 
%nd  Coral  faunas  of  the  Coddon  Hill  and  Bishopton  Beds  and  part  of 
the  Pendleside  series  are  identical. 


IV. — Thb  Dbvonian  Rooks  op  Cobhwall. 

By  W.  A.  E.  UssHBR. 

[By  permission  of  the  Director  of  H.M.  Geological  Survey.] 

SEDOWICK  and  Murchison,  the  Rev.  D.  Williams,  and  Dr.  Holl, 
taking  the  Plymouth  limestones  as  a  middle  division,  placed 
them  below  the  rocks  to  the  south  and  above  those  to  the  north. 
The  prevalent  southerly  dips  of  schistosity  were  regarded  as  ample 
evidence  of  a  downward  succession  proceeding  northward. 

The  Staddon  gnts  and  other  Lower  Devonian  rocks  were  thus 
placed  above  the  Middle  Devonian,  and  the  slates  in  which  I  have 
at  various  times  since  1892  found  Upper  Devonian  fossils  (between 
Menheniot  and  St.  Budeaux)  were  relegated  to  a  position  below  the 
Middle  Devonian. 

Turning  from  these  more  general  readings  of  the  geology  to  the 
detailed  work  of  De  la  Beche,  as  presented  in  Chapter  iii  of  his 
Report,  we  find  that  this  comparatively  simple  rendering,  though 
fundamentally  wrong,  oannot  be  applied  to  Cornwall 

As  regards  South-East  Cornwall  (see  p.  79),  the  fossiliferous  Looe 
beds  were  said  to  be  prolonged  toward  St.  Germans  and  to  become 
merged  in  the  trappean  rocks,  etc.,  of  St  Stephens  and  Saltash,  both 
being  considered  as  below  the  Plymouth  (Middle  Devonian)  rocks. 
The  calcareous  strata  of  the  Tregantle  ooaat  (the  same  series  as  the 
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fossiliferotis  Looe  beds)  were  taken  as  the  probable  westerly  oon* 
tinuation  of  the  Plymouth  limestones.  The  latter  error  was  endorsed 
by  me  in  recording  coast  obserrations  some  years  before  I  had  any 
praotical  acquaintance  with  the  Devonian  rocks  of  South  Devon. 

As  regards  North  Cornwall  (see  p.  91),  we  read  "the  slates  of 
Watergate  Bay  rest  on  the  sandstones  of  St  Eval  and  St  Breocks 
Down ;  and  the  red  and  variegated  beds  of  St  Kew  and  St  Minver 
seem  to  be  the  same  with  the  red  and  variegated  beds  of  Watergate 
Bay ;  the  calcareous  rocks  of  Lower  St  Columb  Forth,  Newquay, 
and  the  Gannel  representing  in  a  general  manner  the  limestones  of 
Bock,  Padstow,  and  Permizen.'* 

The  anticlinal  of  St  Breocks  Down  is  elsewhere  referred  to  in 
Chapter  iii,  and  as  these  grits  do  not  crop  up  to  the  north,  we  are 
obliged  to  assume  their  identity  with  the  Staddon  grits. 

It  will  thus  be  apparent  that,  as  regards  South-East  Cornwall, 
De  la  Beche  correlated  the  Looe  beds^  of  the  Looe  district  with 
rooks  in  the  Saltash  district  which  I  have  proved  to  be  Upper 
Devonian,  and  the  same  Looe  beds  in  the  Tregantle  district  with 
Middle  Devonian  rocks  in  the  Plymouth  district  As  regards  North 
Cornwall,  it  will  be  seen  that  De  la  Beche  did  not  treat  the 
variegated  slates  of  Watergate  Bay  as  an  anticline,  but  by  assigning 
that  structure  to  the  Staddon  grits  he  correlated  the  Lower  Devonian 
rooks  on  the  south  with  the  Upper  and  Middle  Devonian  rocks  on 
the  north. 

The  Devonian  geology  of  Cornwall  prior  to  1890  was  thus  left  in 
a  state  of  chaos.  In  that  year,  after  two  years'  careful  mapping  of 
the  Torquay,  Totnes,  and  Newton  Abbot  area,  I  endeavoured,  by 
a  thorough  perusal  of  De  la  Beche's  Chapter  iii  with  the  maps 
before  me,  to  follow  his  minor  subdivisions,  and  to  test  his  corre- 
lations in  order  to  ascertain  how  far  they  might  be  made  to  agree 
with  the  subdivisions  I  had  established  by  detailed  survey.  I  then 
found  that  there  was  no  escape  from  the  conclusion  that  the  grits  of 
St  Eval  and  St  Breocks  Down  and  of  Booonnoc  represented  the 
Staddon  grits  which  at  Mount  Edgecurabe  are  on  the  mean  latitude 
of  their  South  Devon  outcrop.  The  difference  in  latitude  I  conceived 
to  be  due  to  the  existence  of  a  great  north-westerly  fault  from 
Cawsand,  eutiing  off  the  Upper  and  Middle  Devonian  rocks  on  their 
westerly  strike  against  the  Lower  Devonian  subdivisions  and  shifting 
the  outcrop  of  the  Staddon  grits  northward, 

I  had  recognized  the  lithological  affinities  of  the  variegated  slates 
of  Mutley  to  the  red  and  green  Entom-yielding  Upper  Devonian 
slates  of  Ansteys  Cove,  Gk)odrington,  and  High  week  (Newton  Abbot) 
in  1888.  So  that  it  became  evident  that  the  red  and  Tariegated 
slates  to  the  north  of  the  Staddon  grits  had  been  confounded  with 
the  Dartmouth  slates  in  North  Cornwall,  and  that  the  anticlinal 
structure  assigned  to  the  grits  of  St  Breocks  Down  was  suggested 
by  this  similarity. 

1  Referred  to  the  Signer  Grauwacke  by  Dr.  Kayser,  who  eetabliahed  the 
TaniuiBiaii  age  of  the  fauna  in  1882. 
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Oq  the  other  hand,  in  Sonth-East  Cornwall  it  became  evident  that 
the  Looe  beds  had  been  traced  into  Upper  Devonian  on  their  strike, 
ihrongh  the  great  structural  fauli  between  them  having  escaped  detection. 

The  results  of  this  critical  examination  were  contributed  to  the 
Royal  Geological  Society  of  Cornwall  and  appeared  in  theTransactions 
of  that  Society  in  1891.  The  paper  was  entitled  ''The  Devonian 
rocks  as  described  by  De  la  Beche  interpreted  in  accordance  with 
recent  researches.'*  It  was  accompanied  by  a  map  reduced  from 
the  1  inch  on  which,  after  tracing  De  la  Beche's  minor  sub- 
divisions with  infinite  pains,  as  far  as  the  information  obtainable 
from  the  Report  enabled  me  to  do,  I  had  remodelled  them  and  referred 
them  to  widely  different  horizons.  This  map  shows  the  relations  of 
the  Upper,  Middle,  and  Lower  groups  of  the  Devonian  for  the  first 
time,  and  with  approximate  general  accuracy ;  it  also  furnishes  the 
key  to  the  Devonian  geology  of  Cornwall. 

Having  since  mapped  the  country  from  Plymouth  to  St.  Austell 
in  detail,  I  have  found  the  inference  of  great  structural  faulting  to 
be  correct,  the  effect  being  produced  by  two  or  three  faults,  one  of 
which  runs  in  a  north-westerly  direction  from  Cawsand,  as  shown 
in  the  little  map  illustrating  the  results  I  arrived  at  in  1891.  By 
the  discovery  of  the  Upper  Devonian  JEntomides,  Styliola,  and  traces 
of  the  Biidesheim  fauna,  I  have  proved  the  occurrence  of  Upper 
Devonian  rocks  where  shown  on  the  little  map  east  of  Liskeard. 

In  North  Cornwall,  the  discovery  of  the  Biidesheim  fauna  by 
Mr.  Fox  at  Trevone  and  the  researches  of  Mr.  Parkinson  have  proved 
the  general  correctness  of  the  map  as  showing  the  extension  of 
Upper  Devonian.  The  general  line  of  the  Lower  Devonian  outcrop 
is  correct  as  far  as  the  occurrence  of  the  Staddon  grits  could  be 
inferred  from  the  materials  in  Chapter  iiL 

These  results  were  achieved  by  analogy  with  a  carefully  mapped 
district,  and  they  are  directly  contrary  to  De  la  Beche's  correlations. 
As  regards  the  run  of  the  Lower  Devonian  subdivisions,  the  map 
had  to  be  constructed  from  totally  inadequate  materials,  so  that  the 
relative  outcrops  of  the  Dartmouth  slates  and  Looe  beds,  in  the 
absence  of  analogy,  were  very  incorrectly  shown. 

An  alternative  rendering  of  the  structure  of  Watergate  Bay  was 
given,  showing  the  Dartmouth  slates  as  an  anticlinal,  although  not 
euggested  by  De  la  Beche.  This  structure  has  since  been  worked 
out  by  Mr.  Reid. 

I  took  the  Orampound  rocks  as  a  base  to  the  Devonian  on  account 
of  their  conglomeratic  character  and  because  there  is  nothing  in  the 
Report  to  show  that  they  partake  of  the  south-westerly  strike  of  the 
rocks  to  the  south,  so  that  they  appeared  to  mark  the  unconformable 
junction  of  a  newer  with  an  older  group. 

The  revolutionary  character  of  my  paper  of  1891  was  pointed  out 
by  the  late  R.  N.  Worth  in  an  article  which  appeared  in  the  same 
iWisactions  (Royal  Geol.  Soc.  Com.)  for  the  ensuing  year,  1892. 
In  it  he  criticized  adversely  the  structure  put  forward,  but  in  a  most 
fair  and  candid  manner.  He  corrected  an  error  as  to  the  Modbury 
«lVan,  which  in  subsequent  mapping  was  found  to  be  a  granophyre. 
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So  far  as  I  am  aware,  Mr.  Worth's  oriticisms  on  my  paper  of  1891 
are  the  only  ones  that  have  appeared  in  print.  The  title  of  th& 
paper  is  misleading,  as  De  la  Heche's  descriptions  merely  furnished 
the  material,  but  the  Devonian  geology  was  derived  from  my  own 
work  in  Sonth  Devon,  which  gave  the  clue  for  separating  his  minor 
subdivisions  into  widely  different  horizons. 

Mr.  Upfield  Qreen,  in  an  article  on  the  correlation  of  some  CornisU 
beds  with  the  Gedinnian  of  Europe  (in  the  August  number  of  the 
GiOLOGiOAL  Maqazinb),  has  pointed  out  my  inadvertent  use  of 
the  term  '  Gedinuien '  as  applied  to  the  Looe  beds  in  1900,  but  he 
has  overlooked  their  correlation  with  the  Siegener  Grauwacke  in 
the  table  of  classification  in  the  *'  Memoir  on  the  Geology  of  the 
country  around  Torquay  "  in  1903.  He  has  also  omitted  to  state 
that  Dr.  Rayser  first  correlated  them  with  the  Taunusien  in  1882.^ 
Of  this  I  was  well  aware,  as  Dr.  Kayser  had  called  attention  to 
the  fact  in  a  brochure  in  1888  giving  the  results  of  a  trip  to  the 
North  and  South  Devon  Devonian  in  company  with  Professor 
Gosselet  and  others  under  my  guidance.  In  my  paper  of  1891 
1  suggested  the  correlation  of  the  Grampound  grits  with  the 
Gedinnien;  to  this  Mr.  Green  does  not  refer,  although  I  gather 
from  his  paper  that  he  places  them  in  the  same  group  that  I  did 
then,  but  hesitate  to  do  now. 

In  a  general  way  I  gather  that  Mr.  Upfield  Green  places  those 
rooks  between  the  Lizard  district  on  the  south  and  the  St  Austell 
granite  on  the  north,  which  are  not  admittedly  Silurian,  in  the 
Gedinnian,  including  in  that  group  the  Mylor,  Falmouth,  and 
Portscatho  beds  of  Mr.  Hill,  and  placing  the  Dartmouth  slates  at 
the  top.  There  is,  however,  one  objection  to  this,  viz.,  the  assumed 
continuity  of  the  Dartmouth  slates  **  through  Ty  wardreath  and 
St.  Austell  to  St.  Stephens  as  described  by  De  la  Heche."  I,  too, 
assumed  this  continuity  from  De  la  Beche,  but  on  investigating  the 
ground  I  found  that  the  Dartmouth  slates  are  cut  off  by  a  nearly 
north  and  south  fault  near  Ty  wardreath,  and  do  not  extend  round 
the  St.  Austell  granite,  either  on  the  north  or  south  margin,  to 
Watergate  Bay. 

Mr.  Upfield  Green  has  raised  a  very  interesting  question  in 
claiming  the  non-Silurian  rocks  of  South  Cornwall  as  Gedinnien, 
but  there  is  no  proof  that  these  rocks  are  below  the  Dartmoutli 
slates.  To  entertain  this  suggestion  the  absence  of  Dartmouth 
slates  on  the  south  of  the  St.  Austell  granite  would  have  to  be 
explained  by  a  very  improbable  change  in  character,  or  by  a  fault 
between  the  Perran  Perth  and  Pentuan  coasts  throwing  Ghddinnian 
rocks  on  the  south  against  the  higher  beds  of  the  Meadfoot  group 
on  the  north.  Without  an  acquaintance  with  the  district  west  of 
Grampound  and  Ladock  I  should  not  like  to  express  any  very 
definite  opinion.  Mr.  Upfield  Green,  no  doubt  inadvertently,  states 
that  the  Dartmouth  slates  may  be  traced  **  across  the  Start  Peninsula 
as  far  as  Babbaoombe,  south  of  Dartmouth  in  Devonshire."     This 

1  Jahrb.  d.  kgl.  preuss.  LandesanBtalt.,  p.  128,  1882. 
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Bhonld  read  "  as  far  as  Scabbaoombe  Head,  east  of  Dartmouth."  He 
asserts,  moreover,  that  "  they  exist  also  on  the  north  of  the  Devonian 
basin."  There  they  are  represented,  no  donbt,  and  in  1889 ' 
I  tentatively  classed  them  with  the  Foreland  grits  as  Gedinnien 
but  there  is  no  distinct  group  of  similar  character  in  North  Devon 
or  West  Somerset. 

V. — Thb  Oldbr  DitJTOZoio  Rooks  of  Noeth  Britain. 

By  J.  G.  Goodchild,  F.G.S.,  of  the  Geological  Survey, 

Cunttor  of  the  CollectioiiB  of  the  Geological  Survey  of  Scotland  in  the  Boyal 

Scottish  Museum. 

IT  appears  to  be  a  common  belief  that  there  are  two  Old  Bed 
Sandstones  in  Scotland,  and  only  two,  which  are  referred  to 
respectively  as  the  Upper  and  the  Lower.  It  is  generally  recognised 
that  neither  of  these  can  be  paralleled  with  any  one  of  the  subdivisions 
of  the  Devonian  Bocks,  properly  so-called ;  though  the  fact  that 
the  Scottish  rocks  in  question  occupy  a  stratigraphical  position 
somewhere  between  the  top  of  the  Silurian  Bocks  and  the  base  of 
the  Carboniferous  System  places  their  Devonian  age  beyond  the 
possibility  of  a  doubt.    The  Upper  Old  Bed  is  considered  by  most 

Eersons  to  graduate  upwards  into  the  Carboniferous  Bocks,  which, 
y  the  way,  is  by  no  means  universally  the  case.  It  is  also  stated, 
with  equal  confidence,  and  with  as  little  regard  to  the  facts,  that 
the  Lower  Old  Bed  Sandstone  graduates  downward  into  the  Silurian 
Bocks,  which  it  certainly  does  not,  as  will  be  shown  more  fully 
in  another  part  of  this  paper.  Furthermore,  it  is  still  commonly 
believed  that  bands  yielding  Silurian  graptolites  alternate  with  the 
base  of  the  Lower  Old  Bed  Sandstone,  and  that  Lower  Carboniferous 
fossils  occur  in  bands  of  rock  interstratified  with  true  Upper  Old 
Bed  Sandstone.  Both  of  these  ideas  are  well  known  to  have  been 
due  to  errors  of  observation  ;  yet  the  statements  in  question,  having 
found  their  way  into  the  papers  set  by  examiners,  seem  destined 
to  die  a  hard  death,  and  therefore  need  to  be  contradicted. 

The  errors  mentioned  are  by  no  means  the  only  ones  relating 
to  the  rocks  of  Devonian  age  in  North  Britain.  Therefore,  as  no 
one  else  who  is  fairly  well  acquainted  with  these  rocks  has  yet 
come  forward  with  the  object  of  stating  the  actual  facts,  I  propose 
to  take  advantage  of  the  present  opportunity  (when  I  am  about 
to  present  some  new  suggestions  regarding  the  age  of  some  volcanic 
rooks  on  the  northern  margin  of  the  Lake  District)  to  give  a  con- 
spectus of  what  is  at  present  known  about  the  Scottish  rocks  of 
Devonian  age. 

As  much  of  the  evidence  bearing  upon  this  subject  is  necessarily 
of  a  paliBontological  nature,  I  gladly  avail  myself  of  some  of  the 
published  results  of  the  important  work  done  in  this  direction  by 
Dr.  Traqnair,  and  accordingly  give  here  lists  of  such  fossils  as 
serve  to  characterise  the  several  horizons  referred  to.     A  list  o£ 

^  Proo.  Somerset  Arch,  and  Nat.  Hist.  Soc.,  vol.  xv,  pt.  2,  Table  of  Classifieation, 
in  which  *  C^edinnien '  is  placed  in  line  with  Lynton  Beds  through  a  printer's  error. 
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«uoh  of  Dr.  Traqoair's  papers  as  bear  upon  this  part  of  the  aobject 
is  giveD  in  an  appendix  to  the  present  paper.^ 

it  need  hardly  be  stated  here  that  the  Scottish  rocks  of  Devonian 
age  differ  in  almost  every  respeot  from  the  normal  type.  There 
is  no  satisfactory  reason  for  regarding  any  of  them  as  of  marine 
origin ;  and,  on  the  other  hand,  there  is  much  to  be  said  in  support 
of  the  view  that  they  were  all  formed  under  continental  conditions, 
and  under  conditions  of  climate  which,  though  doubtless  varying 
much  from  time  to  time,  were  yet,  on  the  whole,  characterised  by  an 
annual  rainfall  decidedly  below  the  average  in  amount  It  is  this 
feature  which  has  imparted  a  common  character  to  the  whole  of 
this  series  of  rocks. 

We  may  now  proceed  to  review  such  of  the  chief  points  of  interest 
connected  with  each  of  the  Old  Bed  Sandstones  as  bear  more  or 
less  directly  upon  the  chief  matter  to  be  discussed  in  this  paper. 

The  newest  subdivision  of  the  Old  Red  Sandstones  is  the  well- 
known  Upper  Old  Red.  This,  by  the  way,  i$  usually  red  in  colour, 
and,  also,  it  does  consist  mostly  of  sandstones.  The  remark  is  not 
altogether  uncalled  for,  as  much  of  the  remainder  of  the  Old  Red 
is  not  red,  and  it  does  not,  by  any  means,  consist  exclusively  of 
sandstones.  The  Upper  Old  Red  was  formed  at  a  period  when 
the  geographical  conditions  were  slowly  changing  from  those  of 
a  continental  nature  to  those  of  an  insular  type.  The  rocks  are, 
of  course,  extremely  variable  in  thicknesB,  because  they  were  laid 
down  upon  a  very  uneven  surface  of  the  old  land.  They  are  also, 
but  to  a  lesser  extent,  variable  in  mineral  character.  But  where  this 
formation  is  most  fully  and  typically  developed  its  petrographical 
characters  may  be  described  as  referable  to  three  types — (1)  a  basal 
conglomerate,  which  graduates  upward  into  (2)  a  variable  series 
of  red  sandstones,  often  full  of  desert-sand  grains,  and  highly  false- 
bedded  in  places,  like  an  old  desert  sand-dune.  This  part  is  mainly 
red,  with  some  poikilitic  mottling  and  vari^ation.  A  few  bands 
of  marl  ^  occur  here  and  there.  Calcareous  matter  is  usually  con- 
spicuous by  its  absence  from  this  division.  Above  this  group  of  red 
rocks  usually  occurs  (3)  a  higher  subdivision,  in  which  the  sandstones 
are  not  so  deeply  coloured,  and  in  which  even  purplish  bands  begin 
to  occur.  This  upper  group  is  generally  characterised  by  the 
occurrence  in  it  of  some  precipitated  carbonate  of  lime.  In  some 
cases  this  compound  occurs  in  the  form  of  flakes,  which  obviously 
represent  broken-up  sheets  of  chemically-formed  carbonate  of  lime ; 
in  other  cases  the  calcareous  matter  has  segregated  into  a  nodular 
form ;  while  in  some  few  instances  the  calcareous  matter  may 
occur  as  lenticular  masses  closely  resembling  some  bedded  limestones. 

>  In  here  referring  to  it,  I  may  perhaps  be  permitted  to  direct  the  reader*8  special 
attention  to  the  beautiful  and  lifelike  restorations  of  the  fishes  of  the  Orcadian 
Rocks  which  Dr.  Traquair  has  inYen  in  Hanrie  Brown's  *^  Vertebrate  Fauna  of  ths 
Moray  Firth." 

'  The  word  <  marl '  in  the  North  means  any  cky  that  readily  cromhles  on  exposure 
to  the  weather. 
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This  upper  sabdivision  is  usually  referred  to  as  the  CJorustone 
Series.  I  have  suggested  in  several  papers  that  this  chemically- 
formed  carbonate  of  lime  of  the  Upper  Old  Bed  Gornstones  marks 
a  transitional  phase  of  climate.  The  land  had  sunk  to  near  the 
«ea-level,  and  consequently  humid  conditions  had  set  in,  and 
vegetation  had  begun  to  flourish.  The  decomposing  remains  of 
trees,  drifted  into  the  lagoons,  led  to  a  precipitation  of  carbonate 
<of  lime  from  the  sulphate  of  lime  held  in  solution  by  the  concentrated 
sea-water  there.  The  presence  of  these  comstones  is,  therefore, 
useful  to  the  geologist  as  indicating  transitional  phases  of  climate 
from  arid  to  humid.  Conversely,  seeing  that  the  same  dimatal 
-conditions  must  have  prevailed  over  wide  areas,  the  occurrence  of 
cornstones  at  several  localities  within  an  area  of  limited  extent 
might  safely  be  trusted  as  evidence  of  their  contemporaneity.  The 
validity  of  this  reasoning  has  lately  been  put  to  a  very  severe  test, 
which,  I  may  add,  it  has  successfully  withstood. 

The  fauna  of  the  Upper  Old  Bed  consists  almost  exclusively  of 
flshes,  ivhioli  probably  found  their  way  into  the  sediments  from 
the  rivers  of  upland  origin,  whose  waters  were  dissipated  by  the 
excessive  evaporation  when  they  reached  the  lowland  areas.  The 
flsh  belong  to  species,  and  in  some  cases  to  genera,  not  found 
-elsewhere.  Hence  their  remains  serve  a  valuable  purpose  in 
determining  the  age  of  the  rocks  in  which  they  are  found.  Amongst 
other  fossil  fishes  may  be  mentioned  such  Grossopterygians  as 
HoloptychiuB  and  some  of  its  allied  genera ;  the  Ostracoderms 
Asterolepis,  Bothriolepis,  and  others;  such  Dipnoans  as  Phanero- 
pleurony  together  with  some  other  genera  of  equal  biological  interest, 
but  as  zonal  forms  of  lesser  interest  to  the  geologist.  Dr.  Traquair 
has  shown  that  the  Upper  Old  Bed  contains  two  distinct  fish  faunas. 
The  lower  zone  is  characteristically  developed  around  Nairn,  and 
the  higher  is  well  seen  near  Elgin. 

It  is  not  strictly  correct  to  speak  of  the  Upper  Old  Bed  Sandstone 
graduating  upwards  into  the  Carboniferous  Bocks ;  and,  for  the 
same  reason,  it  is  equally  incorrect  to  describe  this  formation  as 
the  "Carboniferous  Basement  Bed."  There  can  be  no  doubt  that  the 
Upper  Old  Bed  is  quite  a  separate  formation  from  the  Carboniferous 
System,  and  it  has  certainly  nowhere  been  seen  to  alternate  with 
^ny  rocks  of  undoubted  Carboniferous  age.  In  Central  Fife  there 
"is  a  very  marked  overlap  of  the  middle  of  the  Lower  Carboniferous 
Bocks  on  to  the  Upper  Old  Bed  Sandstone;  and  evidence  is  not 
wanting  elsewhere  of  something  like  a  true  unconformity  between 
the  two  formations. 

As  regards  the  base  of  the  Upper  Old  Bed  Sandstone,  it  has  long 
been  known  that,  throughout  Britain,  it  lies  with  a  more  or  less 
^violent  discordance  upon  the  rocks  beneath.  In  Cumberland  and 
Westmoreland  the  aggregate  thickness  of  the  rocks  between  the 
highest  and  the  lowest  horizons  of  the  Protozoic  rocks  upon  which 
it  lies  amounts  to  more  than  seven  miles,  i.e.  13,000  feet  of  Silurian 
Bocks,  12,000  feet  of  the  Bala-Arenig  volcanic  rocks,  and  fully 
12,000  of  the  Skiddaw  Slates,  to  say  nothing  of  other  formations 
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to  be  presently  referred  to.  One  of  the  moat  impressive  geolog:ioa} 
phenomena  I  ever  witnessed  was  presented  by  a  sectiou  in  the 
Basin  of  the  Lune,  of  the  Upper  Old  Bed  Sandstone  lying  in 
a  nearly  horizontal  position  upon  vertioal  and  highly*cleayed  Upper 
Ludlow  Bocks,  of  fragments  of  which  the  newer  rock  was  largely 
composed.  This  was  in  the  course  of  my  first  week's  field-work 
on  the  Geological  Survey,  in  1867.  Ever  since  then  my  reooUecUoD 
of  that  enormous  hiatus  has  remained  as  vivid  as  at  first,  and  it  has 
added  not  a  little  to  the  pleasure  afibided  by  somewhat  extensive 
explorations  made  in  recent  years  amongst  the  Scottish  rocks  whid» 
partly  bridge  over  the  vast  gap.  An  unconformable  junction  of 
Oornstones  on  Highland  Schists,  exposed  on  the  north  shore  of 
Arran,  is  hardly  less  striking;  as  is  the  better  known  case  at  the 
Siocar  Point,  where  the  Upper  Old  Bed  lies  upon  Gala  Bocks. 


Unconfonnable  Junction  of  Comstones  with  Highland  Schists,  north  shore  of  ^rran, 
east  of  Loch  Rfuiza. 

It  adds  still  further  to  the  impressive  character  of  the  uncon- 
formity at  the  base  of  the  Upper  Old  Bed  Sandstone  of  the  Lake 
District  that  this  rock  also  contains  rolled  fragments  of  the  granites, 
el  vans,  and  porphy  rites  of  that  part  These  plutonic  and  trappean 
rocks  are  certainly  of  later  date  than  the  cleavage  of  the  rocks  they 
invade  and  also  than  one  phase  of  the  great  denudation  that  followed 
the  development  of  the  cleavage.  That  is  to  say,  after  the  Protozoic 
rocks  of  the  Lake  District  wero  folded,  they  were  first  cleaved,  then 
denuded  to  an  enormous  extent;  after  that,  great  volcanoes  rose 
upon  the  denuded  surface,  and,  finally,  the  volcanoes  themselves 
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were  gradually  worn  away  to  the  very  oores — ^all  before  the  Upper 
Old  Red  Sandstone  began  to  be  laid  down. 

Tbe  fall  importance  of  this  stupendoos  unoonformity  has  not  yet, 
I  think,  been  adequately  realised.  When  its  signifioatic^  comes  to 
be  thoroughly  gras^ped  much  greater  interest  than  is  shown  at 
present  will  be  felt  in  the  geological  formfations  which  help  to  fill 
in  part  of  the  gap.  Most  of  these,  as  is  well  known,  occur  north  of 
the  Tweed. 

The  newest  formation  of  these  Old  Reds,  of  prior  date  to  the 
Upp^r,  is  the  Orcadian  Series,  which  is  so  extensively  developed  In 
the  n()rth-ea8t  of  Scotland  and  in  Orkney  and  Shetland.  The 
Orcadian  Series  has  formed  the  subject  of  several  important  memoirs, 
amongst  the  latest  of  which  may  be  mentioned  those  by  'Messra. 
Peach  &  Home,  Sir  Archibald  Geikie,  Mr.  Evans,  and  Dr.  Flett 
Even  the  highest  beds  of  this  formation  lie  unconformably  below 
the  Upper  Old  Red ;  and  neither  the  natural  top  of  the  Orcadian 
Series  nor  its  base  has  yet  been  found.  Nevertheless,  the  thickness 
of  this  older  subdivision,  where  it  is  most  fully  developed,  has  bedn 
estimated  at  some  sixteen  thousand  feet.  Three  well  •  marked 
fossiliferous  horizons  occur  within  it.  The  highest  one  occurs  in  the 
upper  beds,  or  John  o'  Groats  Flags.  This  has  yielded  several 
fossil  fish  which  have  not  been  met  with  on  any  other  geological 
horizon.  Amongst  these  are  TristichopieruB  alatus,  Egert.,  DipteruB 
maeropterus,  Traq.,  and  Microhraehiua  dicki,  Traq. 

Lower  down,  and  on  horizons  which  are  near  the  middle  of  the 
series,  if  we  have  regard  to  the  maximum  development  of  these  rocks, 
come  the  fossiliferous  beds  of  Thurso;  and,  still  lower,  those  of 
Achanarras  and  Stromness,  as  well  as  at  Cromarty  and  other  plac^ 
near  the  Moray  Firth.  Below  these,  again,  come  the  Sandstones  of 
Berriedale,  the  Badbea  Breccia,  and  some  local  conglomerates.  Thede 
three  last-named  subdivisions  form  the  lower  four  thousand  feet  or 
flo  of  the  Orcadian  Series;  but  in  the  absence  of  any  satisfactory 
palaeontological  evidence  their  position  in  relation  to  the  highest  of 
the  rocks  forming  the  next  older  series  cannot  be  fixed  with 
<5ertainty. 

From  the  Thurso  Flags  Dr.  Traquair  has  identified  JETomoateuB 
milleri,  Coccoateus  deeipiens,  C.  minor,  Mesaeanthus  peaehi,  Cheira* 
4:anthu8  murchiaoni,  Dtplacanthus  atriatus,  Bhadinaeanthua  longiaptnua, 
Qlyptolepia  paucidena,  Gyroptyehiua  microlepidotua,  Oateolepia  micro- 
lepidota,  Thuraiua  macrolepidotM  and  1%  pholidotua,  Diploptems 
agaaaizi,  and  Dipterua  valencienneaii. 

The  lower  or  Achanarras  subdivision  contains  a  fish  fauna  which 
Dr.  Traquair  has  identified  as  follows:  Diplacanthua  atriatua  and 
D,  tenuiatriatua,  Bhadinaeanthua  longiapinua,  Meaacanthua  puaillua, 
Cheiracanthua  murchiaoni  and  Ch.  latua,  Pteriehthya  millerif  Pt.  pro* 
dttctua  and  Pt.  ohlonguay  Dipterua  valencienneaii,  Glyptolepia  paucidena, 
Gyroptyehiua  microlepidotua,  Oateolepia  macrolepidota,  Diploterua 
agaaaizi,  Coceoateua  decipiena,  Homoateua  millert,  and  Cheirolepia  trailli. 

The  fossiliferous  portions  of  the  Orcadian  Old  Red  do  not  occur 
to  the  south  of  a  westerly  line  drawn  through  Stonehaven.     Whether 
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the  beds  below  the  lowest  of  these  horizons  do  so  or  not  cannot 
be  determined  at  present  in  the  absence  of  any  palsoontological 
evidence;  bat  there  is  a  general  belief  amongst  those  who  have 
the  means  of  forming  an  opinion  that  these  lowest  beds  are,  like 
those  above  them,  confined  to  the  northern  area  referred  to. 

To  the  south  of  the  line  just  indicated  there  occurs  another 
formation,  the  general  biological  facies  of  whose  fossils  indicate, 
as  J.  W.  Salter  pointed  out  nearly  half  a  century  ago,  a  lower 
horizon  than  the  Orcadian  Old  Red.  In  places  this  formation,  also, 
is  capped  by  the  Upper  Old  Bed,  which  here,  as  elsewhere,  lies 
unconformably  upon  the  rocks  below.  The  formation  to  whidi 
reference  is  now  being  made  has  been  termed  the  Lower  Old  Bed 
Sandstone  by  several  writers ;  but  as  there  is  another  and  still  older 
formation  which  has  also  received  that  name,  and  as  even  the 
Orcadian  Old  Bed  has  been  also  called  the  Lower  Old  Bed,  it  is 
obviously  better,  in  referring  to  these  subdivisions,  to  make  use  of 
some  territorial  name,  in  order  to  prevent  ambiguity.  Therefore, 
many  geologists  who  have  felt  the  difficulty  referred  to  have  adopted 
the  name  Caledonian  for  this  southern  Scottish  formation.  This, 
besides  being  euphonious,  and  also  useful  in  many  ways,  is  rendered 
the  more  appropriate  because  the  rocks  denoted  by  that  name  were 
considered  by  Sir  Archibald  Geikie  to  have  been  formed  in  a  lake 
to  which  he  gave  the  name  'Lake  Caledonia,'  and  furthermore, 
because  this  formation  is  pi-e-eminently  the  Old  Bed  of  Scotland, 
and  because  it  is  typically  developed  in  the  region  distinguished  by 
the  Romans  as  Caledonia. 

Like  the  Orcadian  Old  Bed,  the  one  under  notice  attains  to  a  very 
considerable  thickness.  Sir  Archibald  Geikie,  indeed,  estimates 
that  thickness  at  20,000  feet  (Text  Book,  vol.  ii,  p.  1008).  lu 
natural  top  is  not  seen ;  nor,  perhaps,  is  its  base.  As  regards  it» 
mode  of  origin,  there  appears  to  be  evidence  of  a  satisfactory  nature 
that  the  whole  of  this  vast  formation  was  accumulated  under  con- 
tinental conditions,  partly  in  large  inland  lakes,  partly  as  torrential 
deposits  of  various  kinds,  partly  as  old  desert  sands,  and  partly 
as  the  results  of  extensive  volcanic  action.  The  lowest  strata 
appear  to  be  those  which  are  exposed  near  Dundee,  where  they 
are  brought  up  by  a  powerful  anticlinal  fold,  whose  effects  are, 
I  tbink,  augmented  by  a  large  fault  which  does  not  appear  to 
have  been  hitherto  recognised.  Most  of  the  base  on  the  north  is 
faulted  in  by  the  Highland  Boundary  Fault.  The  newest  strata 
are  exposed  in  the  western  part  of  the  lowland  tract  of  Strathmore, 
along  a  powerful  synclinal,  which  is  correlative  to  the  anticlinal  just 
referred  to. 

Looking  at  the  formation  broadly,  three  subdivisions,  founded 
upon  petrographical  characters,  can  be  made  out  The  highest  of 
these  is  formed  by  the  conglomerates,  sandstones,  flags,  and  marls, 
whose  outcrops  form  the  great  lowland  tract  of  Strathmore.  The 
middle  subdivision  consists  chiefly  of  volcanic  rooks,  which  are 
mostly  andesitic  lavas,  with  some  quite  subordinate  beds  of  tuff. 
This  volcanic  series  forms  the  Ochils  and  the  Sidlaw  Hills,  in  the 
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part  of  Sootland  at  present  ander  notice.  To  the  north  and  north- 
east of  Dundee  the  volcanic  rooks  pass,  by  the  thinning  of  the  lavas, 
into  a  series  of  alternately  sedimentary  and  volcanic  rocks — the 
sediments  in  this  case  being,  therefore,  contemporaneous  with  some 
of  the  volcanic  rocks  to  Uie  east.  The  confusion  occasioned  by 
this  feature  appears  to  be  further  complicated  by  the  anticlinal  and 
its  accompanying  fault  just  mentioned.  It  should  be  noted  that 
these  volcanic  rocks  form  a  very  conspicuous  feature  in  the  strati- 
graphy of  the  Caledonian  Old  Bed,  and  that  they  are  usually  present, 
in  some  form  or  other,  even  when  the  lower  beds  and  the  upper 
are  entirely  absent. 

The  Caledonian  Old  Red  volcanic  rooks  of  Perth  and  Forfarshire 
may  well  be  several  thousand  feet  in  thickness  where  they  attain 
their  fullest  development  Sir  Archibald  Geikie  (loc.  oit.,  p.  1008) 
further  regards  the  volcanic  horizon  as  occurring  several  thousand 
feet  below  the  highest  beds  of  Strathmore,  and  also  as  being  several 
thousand  feet  above  the  base  of  the  system. 

The  volcanic  zone  certainly  overlies  a  considerable  thickness  of 
greywackes,  flagstones,  and  mudstones,  whose  base  has  not  been 
seen.  These  lowest  sedimentary  beds,  it  may  be  here  remarked,  bear 
a  remarkably  close  petrographical  resemblance  to  the  type  which 
forms  much  of  the  Silurian  rocks ;  and  it  may  be  well  to  add  that 
the  physical  relationship  of  these  Arbroath  Flags  (as  they  may  still 
be  called)  to  the  volcanic  belt  has  not  yet  been  quite  clearly 
made  out. 

Turning  now  to  the  pal»ontological  evidence,  it  may  be  said  that 
very  few  fossils  have  yet  been  obtained  from  the  higher  parts  of  the 
Strathmore  Sandstones ;  so  there  is  no  evidence  to  prove  that  these 
beds  may  not  be  contemporaneous  with  the  very  lowest  subdivisions 
of  the  Orcadian  Series.  Near  the  base  of  the  Strathmore  Sandstones, 
and  close  to  the  top  bed  of  the  main  part  of  the  volcanic  rocks, 
occurs  an  upper  fossilifarous  band  which  has  yielded  myriapods 
such  as  KampecartB  and  ArchideamuB,  together  with  imperfectly 
preserved  plants,  some  of  which  have  been  referred  to  Psilophytum 
robustum ;  while  at  a  slightly  lower  horizon,  and  contemporary  with 
some  of  the  volcanic  rocks,  is  the  zone  which  has  yielded  the  chief 
Acanthodian  fish  remains.  One  of  the  best  known  of  these 
fossiliferous  localities  is  at  Tilliewhamland  Quarry,  Turin  Hill,  near 
the  town  of  Forfar.  These  rocks  are  there  extensively  quarried 
for  flagstones,  and  they  have  yielded  fossils  which  have  been  cata- 
logued by  the  late  Mr.  Powrie  as  follows : — Mesacanthus  mitchelli, 
lachnacantkua  graciltB,  ClifnaUtu  scutiger,  C.  uneinatus,  C,  retictdatus, 
Parexus  recurvusy  P.  faleatus,  Euthacanthu8  mitchelUf  E,  elegans, 
JS,  gracUiSy  E.  curtuSj  Cephalaspia  pagei,  C,  aaper,  Thelodua  pagei,  and 
with  Plerygotua  anglicua,  Stylonurua  enaiformiaf  and  also  with  Parka 
dedpiena,  etc.     Similar  beds  occur  near  this  horizon  at  Farnell. 

The  beds  exposed  at  Turin  Hill  are  on  the  north  limb  of  the 
great  faulted  anticlinal  above  mentioned.  The  axis  of  this  anticlinal 
ranges,  roughly  speaking,  from  near  the  confluence  of  the  Earn  with 
the  Tay,  below  Perth,  through  a  point  about  midway  between  the 
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towns  of  Dundee  and  Forfar,  and  tbenoe  in  the  direotkm  #f 
Montrose.  Henoe  the  fossUiferoos  honzon  represented  at  Tarki 
Hill  is  repeated  to  the  south  of  the  line  mentioned. 

At  a  geological  horizon  lower  still,  as  at  Auohtertyre,  near  Newtyle, 
in  Forfarshire,  but  still  above  the  main  mass  of  the  lavas,  oocors 
a  bed  which  has  yielded  C^halaapii  lydU,  PUratpts  mitdMi,  aod 
some  few  Acanthodians. 

Furthermore,  at  what  I  take  to  be  still  lower  fossiliferous  horisoas, 
occur  the  beds  of  Carmylie,  which  have  yielded  most  of  the  finest 
specimens  of  Eurypterids  obtained  from  Forfarshire.  Acanthodians 
of  the  types  occurring  at  Turin  Hill  are  found  with  these,  as  is  also 
Parka  decipiens. 

What  appear  to  be  the  lowest  fossiliferous  horizons  occur  at 
Myreton,  Tealing,  and  Leoch. 

The  general  biological  faoies  of  these  Caledonian  Old  Bed  fossils 
indicates,  according  to  Dr.  Traquair,  a  formation  of  an  earlier  date 
than  the  Orcadian  Old  Bed.  This  view  of  the  relative  positions  of 
the  Caledonian  and  Orcadian  Old  Bed  formations  has  now  again  met 
with  general  acceptance,  and  it  will  probably  never  again  be  called 
in  question. 

I'he  volcanic  rocks  which  have  just  been  mentioned  as  giving  rise 
to  the  most  prominent  features  of  the  Caledonian  Old  Bed  in  the 
Ochils  and  the  Sidlaw  Hills  present  physiographical  features  of 
even  more  strongly-marked  character  in  the  Pentland  Hills,  in  Olen 
Coe,  and  also  in  the  neighbourhood  of  Oban.  The  Cheviot  Hills, 
again,  owe  much  of  their  physiographical  character  to  the  presence 
of  these  rocks.  St.  Abb's  Head,  and  some  other  places  near  that 
part  of  the  Scottish  coast,  also  consist  of  andesitic  lavas  and  tuffs  of 
the  same  age  as  those  of  the  Pentland  Hills  and  the  Ochils.  Here 
and  there  at  several  localities  south  of  the  Firths  of  Forth  and 
Clyde  the  older  sedimentary  rocks  below  the  volcemic  zone  are  to  be 
seen.  As  a  well-known  locality  where  such  is  the  case  may  be  cited 
the  beautiful  river-gorge  in  which  are  situated  the  Falls  of  Clyde. 
More  generally,  however,  these  sediments  are  absent,  and  the 
volcanic  rocks  form  the  lowest  member  of  the  series,  and  these  may 
lie,  often  with  a  violent  unconformity,  upon  any  rock  older  than 
themselves. 

Most  of  the  granite  bosses  of  the  southern  half  of  Scotland,  and 
perhaps  nearly  all  of  those  in  the  north  of  England,  appear  to  have 
originated  in  connection  with  the  volcanoes  from  which  these 
Caledonian  Old  Bed  andesitic  lavas  and  their  associated  dykes  of 
El  van  and  Porphyrite  have  been  erupted.  Where  these  Granites 
and  Porphy rites  occur  we  may,  therefore,  expect  to  meet  at  no  great 
distance  with  remains  of  their  related  volcanic  rocks. 

Leaving  these  details,  however,  for  reconsideration  presently,  we 
may  now  go  on  to  consider  the  nature  of  the  physical  relation  of  the 
Caledonian  Old  Bed  to  the  rocks  next  older  in  the  series.  So  far 
from  graduating  downward  into  the  Silurian  rocks,  the  local  base  of 
the  formation  under  notice  lies  with  a  violent  unconformity  upon  all 
of  these  rocks,  and  may  repose  indifferently  upon  Silurian,  Ordovioian, 
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•or  even  older  strata,  inclading  the  metamorphic  rooks  of  the  Sonthem 
Highlands  of  Scotland.  What  has  been  taken  as  the  Oaledonian  Old 
Bed  in  the  cases  where  it  has  been  supposed  that  a  passage  exists  is 
An  reality  a  series  of  quite  different  age.  These  rooks  to  which 
reference  has  just  been  made,  being  typically  exposed  in  Lanarkshire, 
I  have  named  the  Lanarkian  Eocks.  These  are  the  strata  which, 
with  part  of  the  Upper  Ludlow  rocks,  have  lately  been  termed  the 
Downtonian  Series — a  particularly  ill-chosen  name,  as  it  seems  to 
me,  because  the  name  Downtonian  had  previously  been  used  to 
denote  all  the  Silurian  strata  above  the  top  of  the  Lower  Ludlow 
Books..  These  Lanarkian  Bocks  form  the  upward  oontinuation 
of  the  true  Ludlow  Bocks,  and  they  clearly  mark  the  oncoming 
^f  the  continental  conditions  which  brought  the  Silurian  Period 
to  a  dose,  and  marked  the  advent  of  those  geographical  conditions 
which  ushered  in  the  Devonian  Period  in  what  is  now  the 
northern  part  of  the  Kingdom.  Their  stratigraphical  details  need 
not  be  given  here,  for  the  reader  will  find  them  fully  described 
in  the  Geological  Survey  Memoir  on  the  Silurian  Bocks  of  the 
Southern  Uplands  of  Scotland — which,  by  the  way,  is  one  of  the 
finest  memoirs  issued  by  the  Department  to  which  I  have  the  honour 
to  belong. 

A  study  of  the  excellent  sections  given  in  the  work  just  referred 
to  will  sufiioe  to  show  that  the  Lanarkian  Bocks  have  shared  in  all 
the  disturbances  to  which  the  Silurian  Bocks  have  been  subjected. 
These  disturbances  had  ceased,  and  had  been  followed  by  prolonged 
-denudation,  long  before  the  oldest  member  of  the  Caledonian  Old  Bed 
was  laid  down.  Hence  it  results  that  the  great  unconformity,  so 
often  referred  to,  passes  above  what  is  left  of  the  Lanarkian  Bocks. 
There  is  no  clear  evidence  of  any  unconformity  below  them. 

If  we  take  the  original  red  colour  of  the  sandstones  in  these 
Lanarkian  rocks  as  evidence  of  their  representing  the  very  lowest 
'  Old  Bed '  (which  it  seems  reasonable  to  do),  then  it  would  be  these 
rocks  which  form  the  true  '  Lower  Old  Bed,'  and  as  such  they  were 
most  admirably  described  many  years  ago  (1860)  by  Sir  Archibald 
Oeikie.  There  are,  however,  no  rocks  containing  Silurian  fossils 
above  them,  nor  do  they  present  anywhere  more  than  an  accidental 
appearance  of  a  oonformable  passage  into  the  Caledonian  Old  Bed  ; 
indeed,  in  the  only  section  where  these  two  have  the  same  dip  their 
interrelationship  is  similar  to  that  of  the  Trias  on  the  Upper  Old 
Bed  near  Elgin. 

I  have  formerly  ventured  to  speculate  (on  what  seem  to  me  to  be 
good  grounds)  whether  these  Lanarkian  Bocks  might  not  have 
formed  the  lowest  part  of  a  very  much  thicker  series  of  rocks,  whose 
liigher  portion  is  now  entirely  absent  through  denudation  effected 
prior  to  the  Caledonian  Old  Bed  period ;  and  I  still  think  that  these 
missing  rocks  may  have  included  a  band  of  marine  limestone  closely 
resembling  the  Devonian  Limestone,  as  this  is  seen  at  Plymouth, 
-due  to  a  temporary  return  from  continental  to  marine  conditions. 

At  any  rate,  and  however  this  may  have  been,  these  Lanarkian 
Bocks,  which  are  certainly  posterior  in  age  to  the  Ludlow  Books, 
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are  separated  from  the  strata  oontaining  Cephala$pi8  lyelli  by  one^ 
of  the  most  extensiye  unconformities  in  the  whole  geologioal  series. 

It  may  serve  a  useful  purpose  to  summarise  here,  in  a  tabular 
form,  the  foregoing  statements  regarding  the  stratigraphioal  relations^ 
of  the  various  Scottish  Old  Reds,  which,  accordingly,  is  as  follows  :— 

Older  Deutozoio  Books,  as  developed  in  Scotland. 

Approxiniate 
Uppb&  Old  Bbd  Sanbstonb.  thickness  in  Iwt. 

2.  Higher  sahdivision,  or  El^in  Beds. 

1.  Lower  subdiyision,  or  Nairn  Beds.  0. — 1,000. 
[JExten9iv$  tmeon/ormity.'] 

Orcadian  Old  Bed. 

5.    John  o'  Groats'  Flags. 
4.    Thurso  or  Bousay  Beids. 

3.  Achanairas,  Stromness,  and  Cromarty  Beds. 

2.  Berriedale  Sandstones. 

1.  Badbea  Breccias  and  Basal  Conglomerate.  0.-16,000. 
Caledonian  Old  Bed  Sandstone. 

3.  Strathmore  Sandstones  (the  upper  ^art  of 

which  may  be  contemporaneous  with  the 

lowest  part  of  the  Orcadian). 
'M)Tiapod^eds. 
Volcanic  Bocks. 
Acanthodian  Beds  of  Turin  Hill. 

2.  -  Cephalaspis  Beds  of  Auchtertyre. 

Volcanic  Rocks. 

Pterygotns  Beds  of  Carmylie,  etc. 
l^Tealing  Beds. 
1.    Lower  Series  of  Sandstones,  Mudstones,  Con- 
glomerates, etc. ;  base  not  seen.        Banging  to  F  20,000. 
[Extensive  unconformity. "] 

The  Lanarkian  Bocks  (Downtonians  of  the  Geolospcal 
Survey,  the  original  Lower  Old  Bed  of 
earlier  writers). 
Ludlow  Bocks. 

It  will  thus  be  observed  that  what  has  been  called  ''  The  Old  Red 
Sandstone  *'  in  Scotland  is  by  no  means  a  single  formation ;  nor  can 
it  be  regarded  as  merely  two.  On  the  contrary,  it  must  be  obvious 
from  a  consideration  of  the  foregoing  statements  that  we  are  dealing 
with  a  succession  of  formations,  which,  it  seems  to  me,  must  col- 
lectively have  required  a  period  of  enormous  length  for  their 
accumulation.  This,  it  will  be  noted,  is  evidenced  not  only  by  the 
great  thickness  of  both  sedimentary  and  volcanic  rocks  accumulated, 
but  also  by  the  extensive  unconformities,  and  equally  so  by  the 
numerous  and  important  palssontological  changes  which  are  known 
to  have  taken  place  during  the  period  in  question. 

In  reflecting  upon  these  facts  the  chief  interest  centres  upon  the^ 
formations  which  are  of  older  date  than  the  Upper  Old  Red  Sand- 
stone and  newer  than  those  of  Silurian  age.  If  the  remains  of  so^ 
varied  and  important  a  set  of  geological  formations  can  be  shown 
to  exist  even  yet  in  Scotland,  one  is  led  to  enquire  whether  it  may 
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not  be  possible  that  remnants  of  some  of  these  may  also  exist  on 
the  English  side  of  the  Border,  perhaps  oonoealed  beneath  newer 
formations,  or,  it  may  be,  even  exposed  at  the  surfaoe  in  places 
where  their  identity  has  not  hitherto  been  recognised. 

As  regards  the  possibility  of  these  rocks  oocurring  in  the  Lake 
Distriot,  it  should  be  borne  in  mind  that  there  are  two  lines  of 
evidenoe  which  clearly  point  to  the  existcDce,  in  former  geological 
times,  of  andesite  volcanic  rocks  of  the  types  which  occur  so  widely 
throughout  the  Caledonian  Old  Bed.  One  of  these  is,  as  I  pointed 
out  many  years  ago,  the  fact  that  the  Upper  Old  Bed  of  Nortb 
Cumberland  partly  consists  of  pebbles  and  blocks  of  these  lavas. 
These  andesite  pebbles  are  so  abundant  in  some  places,  as,  for 
example,  near  Melmerby,  that  I  have  long  entertained  the  belief 
that  a  large  tract  of  these  Caledonian  Old  Bed  lavas  must  exist  at 
no  great  distance,  they  being  covered,  of  course,  by  rocks  of  later 
formation.  Then,  again,  there  is  the  well-known  fact  that  several 
of  the  granite  bosses  and  Elvan  and  Porphyrite  dykes  of  the  Lake 
District  are  of  later  date  than  the  cleavage  of  the  rocks  arouiitl 
them,  and  are  later  even  than  the  great  denudation  which  preceded 
the  formation  of  the  Upper  Old  Bed.  Furthermore,  fragments  of 
these  granites  and  their  apophyses,  as  already  stated  above,  occur 
in  the  conglomerates  of  the  Upper  Old  Bed.  Lastly,  the  close 
resemblance  in  mineralogical  constitution  of  these  Lake  District 
granites  to  those  of  the  South  of  Scotland,  which  can  almost  be 
proved  to  represent  the  deep-seated  parts  of  the  cores  of  tho 
Caledonian  Old  Bed  volcanoes,  forms  an  additional  link  in  the 
chain  of  evidence  which  points  to  these  Lake  District  granites 
being  contemporaneous  with  the  later  part  of  the  Caledonian  Old 
Bed,  and  to  their  marking  the  sites  of  areas  from  which,  at  one  time, 
andesitic  lavas  must  have  overspread  the  districts  around. 

During  the  past  sixteen  years  it  has  been  one  part  of  my  duty 
to  arrange  for  exhibition  in  the  Edinburgh  Museum  of  Science  and 
Art  a  very  large  series  of  Scottish  Fossils,  Minerals,  and  Bocks, 
amongst  which  last  figure  very  largely  representatives  of  the 
Scottish  rooks  of  Devonian  age.  A  large  proportion  of  these  rocks 
I  have  also  studied  in  silH,  always  regarding  them  when  doing  so- 
with  considerable  interest,  as  representing  part  of  the  series  that 
must,  in  some  one  place  or  another,  fill  up  the  great  hiatus  between 
the  Upper  Old  Bed  and  the  Protozoic  Bocks  of  Cumberland  and 
Westmoreland.  Whenever  a  suitable  opportunity  has  presented 
itself,  1  have  taken  advantage  of  it  to  go  carefully  over  the  field 
evidence  presented  by  the  district  just  named.  There  is  one  part 
of  the  Lake  District  in  particular  to  which  I  have  devoted  attention 
at  various  times  since  1873,  and  that  is  the  part  lying  to  the  north 
and  north-east  of  Saddleback.  A  thick  series  of  basic  andesite  lavas 
with  some  tuffs  occurs  there.  These  pass  unconformably  beneath 
the  Lower  Carboniferous  Bocks  to  the  north  and  east;  and  their 
base,  in  the  opposite  direction,  comes  into  contact  with  sedimentary 
rocks  which  are  certainly  very  low  down  in  the  Skiddaw  Slate  Series. 
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Farthermore,  there  is  a  wide  diyergenoe  in  the  strikes  of  tin  two 
series,  and  the  yolcaoic  rocks  dip,  as  a  whole,  in  the  oppoailB 
dtreotion  to  that  of  the  sediments.  Dr.  Marr  made  a  veiy  importei^ 
discovery  of  sediments  of  Lower  Bala  age,  the  Drjgill  Shalea,  mar 
the  margin  of  these.  I  still  think  that  these  Drjrgill  Shalea  imj 
lie  nnconformably  upon  some  part  of  the  Skiddaw  Slates,  and  ftr 
a  long  time  thought  that  the  set  of  Tolcanic  rocks  at  presmt  under 
notice  might  possibly  belong  to  an  horiron  near  to  that  of  tlis 
Drygill  Shales.  However,  recent  visits  to  the  Caldbeck  Fell  arsa» 
with  the  facts  summarised  in  the  foregoing  part  of  this  paper  ht 
mind,  have  led  me  to  alter  that  opinion,  llierefore,  althoc^  I  am 
not  aware  as  yet  of  any  palasontological  evidence  which  teik 
•either  the  one  way  or  the  other,  the  balance  of  field  evidence  aoeuis 
to  me  BOW  to  indicate  that  the  volcanic  rocks  in  qoestion  may 
really  be  of  the  same  age  as  the  Caledonian  Old  Bed. 

The  strip  referred  to  is  that  which,  lying  within  the  Carfooniferooa 
irame  on  the  north  side  of  the  Lake  District,  stretches,  everywhere 
with  a  strike  discordant  to  that  of  the  adjoining  Skiddaw  Slates, 
from  Uldale,  past  Caldbeck,  through  the  Caldbeck  Fell  mining 
area,  to  Carrok  Fell,  and  is  continued  as  faulted  inliers  at  two 
places  near  Greystoke  Park,  including  the  well-known  patch  whidi 
is  locally  called  Berrier  Nittles,  but  which  Mr.  Ward  referred  to  as 
E^'cott  Hill. 

There  is  nothing  in  either  the  petrographical  or  the  lithological 
•characters  of  these  rocks  which  would  definitely  link  them  on  with 
the  true  Arenig-Llandeilo  rocks  which  occur  between  Keswick  and 
Ambleside,  or  UUs water  and  Shap.  On  the  other  hand,  the  volcanic 
rooks  in  question  agree  in  both  petrographical  and  lithological 
characters  with  the  volcanic  rooks  which  form  the  Cheviot  Hills,  and 
they  appear,  as  the  Caledonian  Old  Bed  rocks  do  everywhere,  to  lie 
with  a  violent  unconformity  upon  any  rocks  older  in  the  series  with 
which  they  may  come  into  contact. 

Whether  any  of  the  volcanic  rocks  near  Melmerby  can  also  he 
referred  to  this  horizon  is  a  question  I  hope  to  be  able  to  answer  soon. 

K.  H.  Traqoair,  '^Note^  on  the  Nomenclature  of  the  Fishes  of  the  Old  Red  Sand- 
stone of  Great  Britain*':  Gbol.  Mao.,  Dec.  Ill,  Vol.  Y  (188S), 
pp.  507-517. 

**0n  the  British  Species  of  Asterolepid©  " :  Proc.  Roy.  Phys.  Soc.  Edinb., 

vol.  xi  (1892),  pp.  283-286. 

**  On  the  Discovery  of  Cephalaspi*  in  the  Caithness  Flags  " :    Ann.  Scott. 

Nat.  Hist.,  Oct.  1893,  pp.  206-207. 

"Achanarras  Revisited":   Proc.  Roy.  Phys.  Soc.  Edinb.,  vol.  xii  (1894), 

pp.  279-286. 

"  The  Fossil  Vertebrata  of  the  Moray  Firth  Area  " :  contained  in  Harvie- 

Brown  &  Buckley's  "  Fauna  of  the  Moray  Basin,"  Edinbiirgh,  1896. 

"Note  on  the  Fossil  Fishes  of  the  Old  Red  Sandstone  of  Scotland": 

contained  in  Mem.  Geol.   Surv.,  **  Geology  of  Lower  Strathspey" 
(Explanation  of  Sheet  85),  1902,  pp.  81-82. 
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VI.— On  tiik   oogurrbmor    of   Lower  Miooenr  Bbds   bbtwbeh 
Cairo  and  Suez. 

By  T.  Bauron,  A.R.C.S.,  F.G.S. 

[Published  by  permission  of  the  Under-Secretary  of  State  and  the  Director-General' 
of  the  Survey  Department,  Egj-pt.] 

IT  18  remarkable  that  in  tins  district  so  accessible  to  geologists- 
and  visited  by  so  many  observers,  the  presence  of  tliese  bedfr 
has  not  hitherto  been  noted.  When  it  is  nnderstood  that  the  point 
vi^here  the  main  area  occurs  is  only  between  8  and  9  kilometres- 
from  Cairo,  and  lies  immediately  to  the  north  of  the  Petrified 
Ibrest — a  place  visited  by  nearly  all  the  travellers  who  come  ta 
Cairo — one  is  apt  to  doubt  whether  geologists  have  ever  seriously 
examined  this  district. 

It  has  been  asserted  b}'  some  geologists  that  Lower  Miocene  bed» 
have  been  found  at  various  places  in  this  district,  but  on  investigation 
it  has  always  been  shown  to  be  a  misinterpretation  of  the  evidence,^ 
and  up  to  the  present  no  beds  have  been  noted  which  contain  a  true 
Lower  Miocene  fauna. 

In  1900  MM.  Fourtau  and  Deperet  published  a  paper'  in  which 
they  claimed  to  have  foimd  at  Gebel  Geneffe  beds  containing  a  fauna 
belonging  to  the  Upper  Burdigalien  (first  Mediterranean  stage),  and 
analogous  to  that  found  in  the  basin  of  the  Bhone,  of  Corsica,  and 
still  more  to  the  Cartennian  Sandstone  of  Algeria.  They  based  their 
assertion  mainly  on  the  presence  of  Pecten  Townali,  de  Serres, 
jP.  praBeabriu8culu»j  Font.,  P,  of.  Buhbenedictus,  Font.,  and  P.  Kochi, 
Loc.  It  is  stated  that  the  same  beds  are  found  at  Der  el  B^da 
containing  Pecten  pseudo-Beudanti,  which  is  identical  with  the  species 
of  the  Hornerschichten  of  Austria;  at  Wadi  Gafra,  where  Pecten 
pseudO'Beudanti,  P.  pra8cahrifi8cu!tt8,  Font.,  and  P,  geneffensia,  Fuchs, 
are  found ;  and  these  occur  in  all  the  district  to  the  east  of  Cairo. 
These  observers  publish  another  section  which  they  regard  as  the 
continuation  of  the  Miocene  series,  and  the  representative  of  the 
Helvetian-Tortonian  (second  Mediterranean). 

Blanckenhorn  ^  says  that  he  has  not  been  able  to  find  the  above- 
named  Pectens  (except  P.  geneffensis)  on  the  spot,  or  in  Schweinfurth's 
collection  or  any  other  material  at  his  disposal,  and  recognises 
them'  as  his  new  species  P.  submnlctna,  Blanck.,  and  P.  Fraaai,  Fuchs, 
whilst  P.  pBeudO'Beudanti  he  makes  P.  Schweinfurthi,  Blanck.,  all  of 
these  being  Helvetian  fossils.  He^  also  regards  the  two  sectiona 
of  Fourtau  and  Deperet  as  not  superposable,  but  parallel  to  each 
other,  and  by  their  fossils  belonging  to  the  Middle  Miocene. 

In  his  discussion  of  all  the  previous  work  done  on  the  Miocene 

*  **  Sur  les  terrains  n^g^nes  de  la  Basse-Egypte  et  de  I'wthme  de  Suez  ** :  Compter 
Bendus  des  Seances  de  l*Acad.  des  Sciences,  1900,  pp.  402-3. 

*  *•  Das  Miociin  "  :  Zeitschr.  d.  Deutsch.  gpeolog.  Gesellschaft,  1901,  pp.  52-^9. 
»  Ibid.,  pp.  120-127. 

*  Ibid.,  p.  85. 
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rooks  of  Egypt,  this  author  points  out  that,  previous  to  his  own 
examination  of  the  area  at  Mogara  in  the  Libyan  Desert,  no -Lower 
Miooene  beds  were  known  in  Egypt.  Up  to  the  pi*esent  this  is  the 
only  ocoarrence,  but  he  points  out  that  strong  probability  exists 
that  these  beds  will  be  found  in  the  district  between  Cairo  and  Suez, 
although  none  have  been  proved.  After  discussing  and  comparing 
the  Petrified  Forest  near  Cairo  with  that  occurring  at  Mogara,  which 
this  author  regards  as  Lower  Miocene,  he  finally  decides  to  put  the 
gritty  beds  occurring  above  the  basalt  to  the  east  of  Cairo,  togpether 
with  the  Petrified  Forest  in  part,  into  the  Lower  Miocene.  For 
this  he  has  no  fossil  evidence  whatever;  and  it  is  only  from  the 
resemblance  between  the  lithological  characters  of  the  beds,  and 
the  fact  that  fossil  wood  occurs  at  the  base  of  the  Miocene  in  Mogara 
(a  fact  of  little  stratigraphical  value  since  fossil  trees  are  known 
from  the  Upper  Eocene,  and  Oligocene  on  the  other  side  of  the 
Nile  Valley),  that  he  ventures  to  assign  to  these  beds  a  Lower 
Miocene  age. 

In  the  course  of  this  paper  it  will  be  shown  that  this  decision 
IS  partly  right,  though  in  the  main  it  is  wrong,  while  in  a  later  paper 
it  is  hoped  that  the  much  vexed  question  of  the  age  of  the  Petrified 
Forest  in  this  neighbourhood,  with  its  associated  lava-flows  and 
thermal  springs,  will  be  definitely  settled. 

In  order  to  better  undei-stand  the  occurrence  of  the  beds  in 
-question,  a  brief  sketch  of  the  geological  history  of  the  period 
immediately  preceding  the  Miocene  is  necessary.  After  the  close 
of  the  Eocene  period,  the  land  on  the  east  side  of  what  is  now  the 
Nile  Valley  rose  from  under  the  sea  and  became  dry  land.  This 
was  the  beginning  of  a  continental  period  which  persisted  throughout 
Oligocene  times.  While  in  the  district  round  the  Fayum  the 
sedimentation  continued  unbroken  from  the  highest  Eocene  into  the 
Lower.  Oligocene,  on  the  east  side  of  the  present  Nile  Valley 
denudation  was  at  work  removing  the  Upper  Eocene  beds  and 
producing  the  relief  seen  wherever  the  Gebel  Ahmar  Sands  have 
been  removed.  Then  these  sands  and  gravels  with  drifted  trees 
were  deposited  in  a  lagoon  or  estuary.  These  probably  represent 
the  upper  part  of  the  Lower  Oligocene.  After  the  sedimentation  of 
these  sands  had  continued  for  some  time,  a  series  of  earth-movements 
were  set  up,  by  which  these  beds  with  the  underlying  rocks  were 
thrown  into  ridges  and  troughs  by  two  sets  of  folds  more  or  less  at 
right  angles  to  each  other,  the  axes  of  the  one  lying  S.W.-N.B.,  and 
the  other  N.W.-S.E.  These  folds  gave  rise  to  shallow  basins  by 
their  interference  with  each  other,  and  it  was  in  these  that  the 
Lower  Miocene  beds  were  deposited,  after  the  outpouring  of  the 
basalt  lavas,  and  the  thermal  springs  which  followed  the  dying  oat 
of  the  volcanoes  had  ceased.  Between  the  deposition  of  the  Gebel 
Ahmar  Sands  and  the  transgression  of  the  first  Mediterranean  sea, 
there  was  another  continental  period  during  which  these  sands  were 
denuded  to  a  certain  extent.  After  the  Lower  Miocene  sea  had 
invaded   this  area  and  was  depositing  its  sediments,  what  more 
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likely  than  that  some  of  the  silicified  tree  tronks  were  rolled  in 
from  the  ridges  sarronnding  these  basins?  Any  silioified  wood 
seen  by  the  writer  in  Miocene  beds  has  always  been  mach  broken 
np,  and  presented  the  appearance  of  having  been  moved  after 
silicification  rather  than  that  of  petrifaction  in  Btiik.  One  has  only 
to  compare  the  trees  in  the  Petrified  Forest  with  these  to  see  the 
difference. 

According  to  Blauokenhorn  ^  the  Lower  Miocene  is  a  fluvio-marine 
formation  characterized  in  Mogara  by  Mytilui  aqmtanicus,  Cytherea 
^rycina,  and  Anthracotherian  bones.  The  Helvetian,  on  the  other 
hand,  has  a  numeroas  pecten  and  oyster  fauna  associated  near  its 
base  with  a  more  shallow- water  asserablage  of  forms.  In  &ct, 
the  Lower  Miocene  is  essentially  a  fluvio-marine  formation,  while 
the  Helvetian  is  marine. 

This  author,  in  his  Table  of  Miocene  Strata  in  Egypt  and  Syria,' 
gives  the  following  fossils  as  characteristic  of  the  Lower  Miocene 
of  Mogara : — 

SctUella  Zitteli,  Beyr. ;  Myttlus  aquitanicua,  M.E. ;  Lucina  ornata, 
Ag. ;  Zueina  columbella,  Lam. ;  Cardium  of.  taurinum,  Micht ;  Venus 
ovata,  Penn. ;  Cytherea  eryeina,  L. ;  Corbula  revoluta,  Broco. ;  Teredo 
Mediterranea ;  Turritella  ierebralis,  Lam.  ;  T.  cathedralis,  Brongn. ; 
Crepidula  cochlearia,  Bast ;  Oalerus  chinensis.  Lam. ;  together  with 
fossil  wood,  Podocnemis,  Trionyx,  Croeodilus,  Brachyodus,  and 
Rhinoceros.  In  addition  to  these  the  following  are  given  in  the  table  of 
fossils  for  the  Miocene  ^  as  occurring  only  in  the  Lower  Miocene  : — 
Capvlaria  cf.  urciolata,  Lam. ;  Anomia  ephippium,  var.  squamtUa,  L. ; 
Cardita  rufescena,  Lam. ;  Diplodonta  rotundata,  Mont ;  Cardium 
paueicostatum,  Sow. ;  Dosinia  Adansoni,  Phil.  ;  Tapes  Basteroti, 
Desh.  ;  Tellina  cf.  exigua,  L. ;  JSroilia  pttat'/la,  Phil.  ;  Macira 
burdigalensia.  May. ;  Corbula  Basteroti,  Horn. ;  Tugonia  anatina, 
Omel. ;  Oliva  clavula,  Lam. 

It  is  now  possible  to  proceed  to  the  description  of  the  beds  for 
which  a  Lower  Miocene  age  is  claimed. 

Between  8  and  9  kilometres  east  of  Abbassia  there  occurs  a  series 
of  ridges  of  gritty  limestone,  calcareous  grits,  and  ferruginous, 
oalcareous,  sandstones  and  grits,  bounded  on  the  south  by  a  thin 
«heet  of  basalt,  and  faulted  down  on  the  north  along  the  side  of 
the  Old  Post  Road  to  Suez.  They  persist  to  the  north  of  this 
fracture,  but  are  much  masked  by  gravel  and  downwash.  This 
series  of  beds  lies  in  a  shallow  basin,  and  is  unconformable  to  the 
basalt  and  overlaps  on  it  After  examining  these  beds  at  different 
places  and  collecting  the  fossils,  the  following  succession  was  made 
out,  although  the  thicknesses  cannot  be  taken  as  absolute,  the  beds 
never  being  found  in  an  escarpment  of  any  height  to  allow  of 
«  careful  measurement  being  made : — 

•  Loc.  dt.,  pp.  64-5. 

•  Loc.  cit.,  p.  63. 

•  Loc.  cit,  pp.  106-112. 
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Top*    Purplish,  hard,  ^tty  limestoue 6 

2.  Yellow  gritty  beds ^ 

3.  Porous  umestone  with  few  grits  containing  pieces  of  EchinoUmpa* 

sp.,  Peeten  sp.,  casts  of  Ltteina  omata,  Ag.,  and  Ctfiherra 

pedenumtanaf  Bm.  10'* 

^  4.    Grittj  limestone      1* 

5.  Hard,  dark,  calcareous  grit  containing  Peetm  Koehi^  Loc.,  TjiHna 
OTfiataf  Ag.,  Cardium  Micheiotttiy  Desh.,  C.  fmdtieottaiwn, 
Brocc.,  Venm  isUmdieoideSj  Lam.,  Venus  sp.,  Tapet  vetuia. 
Bast.,  TeUifw planata^  Lam.,  Macira  eoraifina.  Lam.,  Oorhula 
revoluta^  Bast.,  Ttmt'tella  miototfrtM^,  Sacc.,  Tttrritella  sp. ...  2 

6;  Yellow  calcareous  sand  and  grit  containing  0#^«i  sp. ,  PectunculM 
sp.,  CAama  sp.,  Cardita  cl.  pinnula^  Bast.,  Cardita  sp.,  Litetna 
eolumbellOf  Lam.,  Lueina  (Dentihtcina)  sp.,  Lttcina  sp.  (many), 
Cardium  pawfieostatnmy  Sow.,  (7.  cf.  pauekostaium^  Sow., 
C  multxeoMtatum^  Brocc,  CVrr^^tMm,  sp.  noy.,  Csn^tMjn  sp., 
r^iw  muUilamellata^  Lam.,  Cytherea  pedrmontana,  Brocc., 
(7.  erycina,  Lam.,  Topef  Battn'oti^  May.,  T.  vetula^  Bast., 
Tellina  lantnosn^  Chemn.,  TflHna  planata.  Lam.,  2*.  nitida^ 
Pol.,  Tellina  sp.,  Mactra  eorallina^  Lam.  s  (if.  ttuHomm, 
Lam.),  Corbuh  reroluta,  Brocc.,  Calyptreta  ehinentit.  Lam., 
Turritella  miotam-ina,  Sacc.,  71  terebraliSj  Lam.,  Jlnf/a  com- 
<f »/«,  Brongn. ,  O/ira  sp. ,  Scaphander  sp.  11 

7.  Calcareous  grits  with  limestone  at  the  base  containing  Cytherea 

sp.,  TeH%na«p 7 

8.  Grits  and  siliceous  limestone  containing  Lueina  sp.,  Cardium 

St).,  (?)  Trt/w*  sp.  6 

9.  Yellow  siliceous  grit  containing  small  Cdire^'A      6 

10.  Hard,  black,  calcareous  sandstone  1'* 

11.  Yellow  sandstones  and  g^ts  15 


Basalt  underlies  this  last  bed. 

The  beds  have  a  general  dip  of  3°  to  5°  N.E.,  but  there  is  alao 
a  gentle  inclination  of  about  2°  to  the  north-west. 

Further  east  the  following  fossils  were  obtained  from  tlie  repre- 
sentative of  Bed  7  of  the  above  section  : — Ostrea  sp.,  Cardita  sp., 
Zueina  columbellaj  Lam.,  Lueina  sp.,  Cardium  sp..  Tapes  vetula. 
Bast,  Tapes  sp.,  Mactra  sp.,  Corhula  Basteroti,  Horn.,  Corbula  sp.. 
Cancellaria  sp. 

Bound  about  Station  4  of  the  Old  Post  Boad  to  Suez,  a  oa1careon» 
grit  yielded  the  following  fossils  : — Pinna  sp.,  Oitrea  sp.,  Mcdioia 
sp.y  Pectunculus  sp.,  Cardita  sp.,  Lueina  columheUa,  Lam.,  L.  omatOj 
Ag.,  Z.  sp.  nov.,  Lueina  sp.,  Cardium  sp.,  Fenus  ooato,  Penn.,  F.  cf. 
islandicoideB  L.,  Cytherea  erycina.  Lam.,  Tap^s  sp.,  T(s{/tna  {aciciiof«r 
Ghemn.,  T.  ntti^,  Pol.,  T,  planata,  L.,  Calypiraa  ehinentis,  Lam., 
TtimteJ/a  ^erefrraZis,  Lam.,  iS<rom&«s  sp.,  (?)  Panopofa  sp. 

At  the  north  foot  of  Gebel  el  Angobia  in  calcareous  grits  and 
marls,  Boeinia  Adan$oni,  Phil.,  is  found  associated  with  Tapee  vetuta^ 
Bast.,  Ludna  omata,  Ag.,  Cardium  multieostatumy  Brocc.,  IWnVa/i^t 
terebrans,  Lam.,  T.  eathedralis,  Brongn.,  Conns  sp.,  and  Pleuroiawsa 
troeUeariSf  Horn. 

At  the  base  of  Gebel  Bieshi,  12  kilometres  north-east  of  Bir 
Gendali,  there  is  practically  the  same  assemblage  of  fossils  as  in 
the  previous  case.  Below  these  beds  comes  a  series  of  oonglomeratea^ 
gravels,  sands,  etc.,  lying  between  Gtobel  el  Angobia  and  Amuna. 


Digitized  by  VjOOQ  IC 


I'v: 


>p' 


T.  Barron^^Mioc&ne  Beds  between  Cairo  and  Suez.       607 

These  overlie  the  basalt,  and  are  seen  to  pass  under  the  fossitiferouA 
beds  of  the  Miocene. 

At  the  Middle  Station,  Old  Railway  to  Suez,  some  gypseous 
marls  and  brown  ferruginous  limestones  are  brought  up  by  a  fault 
and  exposed  in  a  cutting.  These  contain  the  following  fossils: — 
Pecten  sp.,  Cardita  sp.,  Area  cf.  IHchtelli,  Desh.,  Cardium  muUi- 
costatum,  Brocc.,  Cardium  sp.,  Dosinia  Adansoni,  Phil.,  Venus  ovata, 
Penn.  (numerous),  F.  mMilamellata,  Lam.,  F.  cf.  plicata,  Gmel., 
Venus  sp.,  Cytherea  erycina.  Lam.,  Troehus  tauro-mioccsnicus,  Saco., 
Turbo  tauro-miocenicus,  Sacc.,  Turrttella  terebralis.  Lam.,  Ficula  sp., 
Triton  sp.,  Scaphander  lignarius.  Lam.,  Scaphander  sp. 

At  the  foot  of  the  Miocene  escarpment  to  the  south-west  of  Gebel 
Gafeisad  or  Agleiat  Qamr,  Lower  Miocene  fossils  were  also  found 
in  some  sandy  beds,  while  pieces  of  mammalian  bones  in  a  bad 
state  of  preservation  were  also  seen. 

From  the  base  of  the  Miocene  cli£f  15  kilometres  east  of  DSr  el 
B^da  the  following  fossils  were  obtained : — Scuiella  Beflersi,  Gauth., 
SeuteUa  sp.,  Brissopsis,  sp.  nov.,  Pecten  Kochi,  Loo.,  P.  Schtoeinfurthi, 
Blanck.,  P,  Zizinia,  Blanck.,  P.  suhmaltnnaj  Blanck.,  P.  burdiga- 
lensis,  Lam.,  Pecten  sp.,  Peetunculus  sp.,  Cardita  sp.,  Cardium 
paucicostaium.  Sow.,  C.  mutticostatum,  Broca,  Cardium  sp.,  Dosinia 
orbicularis,  Ag.,  (?)  Venus  sp.,  Cytherea  sp..  Tapes  vetula,  Bast., 
Corbula  revoluta,  Brocc.,  Turritella  sp.,  Ficula  condita,  Brongn. 
Here  there  is  undoubtedly  a  mingling  of  Helvetian  and  Lower 
Miocene  fossils  which  marks  what  may  be  regarded  as  the  passage- 
bed  between  these  two  stages  of  the  Miocene. 

At  the  foot  of  Gebel  Gen^£fe  a  series  of  unfossiliferous  beds 
(brown  sandy  limestones,  gypseous  clays,  gypsumized  limestone, 
and  greenish  marls)  occur ;  they  form  a  part  of  the  Lower  Miocene, 
as  is  shown  by  correlating  the  overlying  fossiliferous  beds  with 
those  in  other  sections  in  which  these  latter  are  found  always  to 
overlie  the  Lower  Miocene  beds. 

In  this  district  there  is  abundant  proof  to  show  that  there  was 
a  great  overlap  of  the  Miocene  beds  from  west  to  east.  Near  Cairo 
they  lie  on  a  thin  layer  of  basalt  which  is  a  good  distance  from  any 
of  the  known  volcanic  necks ;  further  east  in  the  immediate  neigh- 
bourhood of  the  vents  no  basalt  is  found  under  the  Miocene  rocks 
except  in  very  small  patches,  while  the  Oligocene  sands  and  gravels 
are  much  thinner.  This,  to  the  writer's  mind,  is  best  explained 
by  a  gradual  overlap  from  west  to  east.  If  it  were  otherwise,  the 
basalt  ought  to  be  thickest  in  the  neighbourhood  of  the  volcanio 
vents,  while  west  and  east  from  them  it  would  gradually  thin  out 
and  disappear.  The  converse  is  the  case,  as  the  main  basalt  flow 
on  the  west  side  is  remote  from  the  volcano,  while  only  on  the 
flanks  of  the  cone  is  it  found  dose  to  the  vent,  and  on  the  east  it  is 
entirely  absent.  The  earlier  submergence  of  the  area  near  Cairo  has 
protected  the  basalt  from  being  totally  swept  away,  cts  was  the  case 
with  the  longer  exposed  area  to  the  east. 

It  would  seem  also  as  if  deeper  water  existed  to  the  east  in 
Helvetian  times,  while  the  white  limestone  found  there  in  such 
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lliibkwMi  was  probably  neyer  deposited  in  the  neighboinlhood  oC 
Cairo.  It  is  a  fact  that,  as  the  Miooene  is  traced  eastward,  the 
beds  thicken  and  become  almost  pure  limestone,  while  o^ers  diat 
w«re  sandstone  on  the  west  haye  passed  over  into  limestone 
fiiftlier  iBast. 


I^  E  V  I  E  ^W  S. 


J.-^Pbotoobaphs  of  Qbologioai.  Imtebxst  im  ths  United  EnraooiL^ 

(PLATE  XVIII.) 

TT  is  agai^  our  pleasant  task  to  call  the  attention  of  the  readers  of 
I  j  the  GcoLOGiOAL  Magazxnb  to  the  exoelleDt  work  performed  bj 
Professor  W.  W.  Watts,  F.R.8.,  and  his  Committee  for  recording 
and-  preserviqg  photographs  of  places  and  sections  of  geological 
interest  in  the  United  Kingdom.  The  report  from  which  most 
of  the  following;  statements  are  taken  shows  that  the  past  year 
has  been  exceptionally  successful,  the  number  of  new  photographs 
received  having  exceeded  that  of  any  previous  year.  The  accessions 
number  543 ;  the  total  number  in  the  collection  is  4,314,  and  the 
yearly  avenge  rises  to  287.  Since  issuing  the  report  100  other 
photographs  have  been  received. 

Th^  geographical  scheme  annexed  shows  that  four  counties  are 
removed  from  last  year's  '  black  list ' — Cambridge,  Eildare,  Leitrim, 
and  Wicklow  having  now  made  contributions  to  the  collection. 
There  are  still  21  non -contributing  counties — two  in  England,  one 
in  Wales,  seven  in  Scotland,  and  eleven  in  Ireland. 

To  this  year's  list  Yorkshire  makes,  as  so  often  before,  the  largest 
contribution,  243;  Norfolk  follows  with  43,  Kent  with  31,  and 
Pembroke  with  30.  Considerable  additions  are  made  to  the  lists 
of  Buckingham,  Northampton,  Suffolk,  Fife,  Linlithgow,  Benfrew, 
Cork,  and  Sligo. 


Previous 

Additions 

Total. 

Collection. 

(1904). 

England     

Wdes         

...       2,308 

416 

2,723 

260 

41 

291 

Channel  Islands     ... 

38 

— 

38 

Isle  of  Man 

60 

1 

61 

Scotland     

422 

37 

469 

Ireland       

597 

49 

646 

Bock  Stractores,  etc. 

96 

— 

96 

Total  3,771  643  4,814 

.  1  Fifteenth  Eeport  of  the  Committee,  consisting  of  Professor  James  Geikifl 
(Chairman),  Professor  W,  W.  "Watte  (Secretary),  Professor  T.  G.  Bonner,  Professor 
E.  J.  Garwood.  Professor  8.  H.  Reynolds,  Dr.  Tempest  Anderson,  Dr.  J.  J.  H. 
Teall,  Mr.  God^y  Bingley,  Mr.  H.  Coates,  Mr.  C.  V.  Crook,  Mr.  J.  G.  Goodchfld, 
Mr.  William  Gray,  Mr.  W.  Jerome  Harrison,  Mr.  Robert  Kidston,  Mr.  J.  Si.  J. 
Phillips,  Mr.  A.  8.  Reid.  Mr.  R.  Welch,  Mr.  W.  Whitaker,  and  Mr.  H.  B.  Wood- 
ward.  (Drawn  up  by  the  Secretary,  Professor  W.  W.  Watts,  M.A.,  P.R.S.,  Sec. 
Geol.  Soc.)  Read  before  the  British  Association,  Cambridge,  Section  0  (Geology), 
August,  1904. 
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It  is  not  easy  to  pick  out  any  particular  series  of  photographs  for 
special  mention,  bat  a  set  of  seventeen  prints  from  Mr.  Charles  0. 
Buckingham  and  two  from  Mr.  De  Vere,  all  taken  under  the 
aaspices  of  the  East  Kent  Natural  History  Society,  seem  to  be  of 
exceptional  interest.  They  illustrate  the  course  and  tributaries 
of  the  Kentish  river  Stour,  and  their  association  with  the  springs 
known  as  Bournes.  Mr.  Buckingham  has  also  photographed 
Beoulvers  Church  from  the  same  points  of  view  as  L jell's  famous 
pictures,  and  the  result  brings  home  the  potency  of  marine  denu- 
dation and  the  need  for  coast  defences. 

Mr.  R.  Vowell  Sherring,  working  in  conjunction  with  the  Bourne* 
mouth  and  District  Society  of  Natural  Science,  sends  some  beautiful 
prints  of  the  Bournemouth  cliflEs;  Mr.  Mellard  Beade  contributes 
some  excellent  photographs  of  the  well-known  gypsum  boulder  of 
Orosby;  and  Mr.  Topbam  a  series  from  the  gravels  of  Eye  in 
Northamptonshire.  The  rhythmical  fretting  of  limestone  by  water 
in  Hell  Gill  is  illustrated  by  Mr.  Rodwell  under  circumstances  of 
considerable  difficulty,  and  the  marine  destruction  of  the  Scarborough 
landslips  by  Mr.  Monckton.  Mr.  Leach  sends  photographs  of 
a  masd  of  Carboniferous  Limestone  at  Tenby,  supposed  to  show 
10,000  specimens  of  Froduetus,  and,  curiously  enough,  almost  the 
same  post  brought  a  notice  that  ''the  Corporation  have  for  years 
been  breaking  up  the  stone  for  road  repair,  and  are  now  in  possession 
of  a  steam  stone-breaker  which  will  in  the  course  of  time  cause  this 
natural  curiosity  to  disappear,  unless  some  steps  are  taken  to 
prevent  it." 

Messrs.  Muff  &  Wright  have  taken  an  ideal  set  of  photographs 
of  the  raised  beaches  and  platforms  of  Cork,  which  are  buried  under 
boulder-clay,  blown-sand,  and  *  head ' ;  Mr.  Pledge  continues  to 
illustrate  Mr.  Davies's  work  on  the  Purbeok  and  Portland  of  the 
Haddenham  district;  Mr.  Robarts  sends  further  contributions  on 
the  geology  of  Kent  and  Surrey  from  the  Croydon  Natural  History 
and  Scientific  Society;  and  Mr.  Plews  gives  the  first  photographs 
recorded  from  Cambridgeshire. 

The  importance  of  the  contributions  of  members  of  the  Committee 
will  be  realised  from  the  fact  that  they  are  responsible  for  426 
photographs  out  of  a  total  of  543.  Mr.  W.  Jerome  Harrison,  one 
of  the  earliest  and  most  earnest  of  geological  photographers,  and 
perhaps  the  pioneer  of  county  photographic  surveys,  sends  no  less 
than  270  prints  out  of  his  large  collection  of  a  lifetime.  These 
comprise  a  long  series  of  the  Yorkshire  coast  from  Bridlington  to 
Whitby ;  series  from  Cornwall,  Norfolk,  and  Suffolk ;  and  our  first 
connected  set  from  the  Cambrian  rooks  of  St  Davids.  Mr.  Bingley 
contributes  76  prints  taken  in  Norfolk,  Suffolk,  Yorkshire,  Anglesey, 
and  Carnarvon.  Professor  Reynolds's  work  is  well  represented  by 
illustrations  from  Hertfordshire,  the  Carboniferous  area  of  Somerset, 
and  volcanic  areas  in  Fife,  Haddington,  and  Linlithgow.  Last,  but 
not  least,  Mr.  Welch  makes  a  valuable  gift  of  S5  prints  taken  in 
Lancashire  and  Ireland,  in  connexion  with  the  work  of  the  Belfast 
Ifaturalists'  Field  Club  and  of  Mr.  Praeger  and  Mr.  Lamplugh. 
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They  inolude  examples  from  Antrim  and  Cork,  the  glacial  and 
assooiated  deposits  of  Down  and  Dublin,  and  phenomena  connected 
with  limestones  and  oaves  in  Sligo,  One  of  the  photographs  is  both 
botanical  and  geological,  for  it  shows  the  formation  of  tufa  in 
a  limestone  district  through  the  agency  of  colonies  of  various  mosses. 

To  all  the  gentlemen  named  the  Committee  tender  their  beet 
thanks,  as  well  as  to  the  following,  who  have  oontributed  less  in 
amount,  it  is  true,  but  individual  examples  or  series  of  high  value : 
Mr.  Epps,  Mr.  G.  T.  Atchison,  Bfr.  Hopkinson,  Messrs.  Abley  &^ 
Griffith,  Mr.  Hodson,  Professor  Armstrong,  Mr.  Cobbold,  Dr.  Matley, 
Dr.  Flett,  Dr.  Abbott,  and  Mr.  Smith. 

Mr.  Welch  points  out  that  one  print  registered  last  year  (3,289), 
the  cemented  breccia  of  quartzite  and  slate  at  Howth,  which  con- 
tained bones  of  mammals  and  fishes  with  land  and  marine  shells,  is 
now  the  only  record  of  an  interesting  geological  fact,  as  the  block 
has  been  washed  away  by  the  sea. 

The  third  and  last  issue  of  the  published  series  of  <<  British 
Geological  Photographs  "  was  sent  out  to  subscribers  in  May  of  thi» 
year.  The  completion  and  success  of  its  first  publication  scheme 
marks  an  epoch  in  the  history  of  the  Committee  and  the  fulfilment 
of  a  long-cherished  desire  of  its  founders. 

Since  the  first  meeting  in  1890  the  desirability  of  publishing 
a  selected  series  of  geological  photographs  has  been  kept  before  the 
Committee,  but  it  was  only  in  1893  and  1894  that  publishers  were 
approached  on  the  subject  With  one  consent  they  recommended 
application  elsewhere,  and  so  the  matter  was  allowed  to  slumber 
till  the  Dover  meeting  in  1899.  In  this  year  a  Sub-Committee  of 
selection,  consisting  of  Professor  Bonney  (Chairman),  Professor 
WatU  (Secretary  and  Editor),  Professor  Garwood,  Dr.  Mill,  Dr.  TealU 
and  Mr.  H.  B.  Woodward,  was  appointed,  a  self-supporting  sub- 
scription scheme  drawn  up,  and  a  preliminary  selection  of  typical 
photographs  made.  One  hundred  and  ninety-three  subscribers 
undertook  to  support  a  series  which  was  to  consist  of  issues  of 
twenty  photographs  each  year  for  three  years.  It  was  decided  to 
issue  the  series  in  three  foi^ms — unmounted  half-plate  platinotypes, 
mounted  platinotypes,  and  lantern-slides— and  each  issue  was  to  be 
accompanied  by  descriptive  letterpress. 

Various  unforeseen  circumstances  delayed  the  first  issue,  but  it 
saw  the  light  in  September,  1902 ;  issue  ii  followed  in  July,  1903 ; 
and  the  final  issue  in  May,  1904.  The  actual  series,  as  published, 
comprised  seventy-two  photographs,  fifty-one  being  standard  half- 
plates,  ten  quarter-plates,  and  eleven  whole-plates,  and  an  equal 
number  of  lantern-slides.  The  subjects  ran^d  over  most  of  the 
ordinary  geological  phenomena,  the  chief  rock  formations,  and  many 
of  the  more  important  British  localities.  The  negatives  were  lent 
by  thirty-four  photographers,  and  a  descriptive  pamphlet  of  forty- 
two  pages  was  written  by  thirty-four  contributors,  amongst  whom 
are  many  of  the  most  famous  of  contemporary  British  geologists. 
To  both  geologists  and  photographers  the  Committee  express  their 
warmest  thanks. 
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The  estimates  on  which  the  Sub-Oommittee  worked  proved  to 
iiave  been  well  founded,  and  the  balance-sheet  gives  an  account 
of  all  receipts  and  expenditure  to  date.  It  shows  a  balance  in 
favour  of  the  Committee  of  £95  Ida.  2(2.,  and  a  prospective  profit 
of  over  £130  when  all  outstanding  accounts  shall  have  been  paid. 

The  balance-sheet,  however,  does  not  make  one  important  point 
clear.  Eight  whole-plate  platinotypes  and  twelve  slides  beyond  the 
number  agreed  upon  have  been  issued  to  subscribers.  It  is  estimated 
that  these  additional  photographs  have  cost  £105.  If  this  be  added 
to  the  balance  in  hand  the  total  profit  has  been  £235,  of  which 
one-half  has  been  returned  to  the  subscribers  and  the  other  half 
iretained  by  the  Committee  for  the  purpose  of  carrying  on  the  work 
for  which  it  was  originally  established  by  the  Association. 

It  was  pointed  out  in  the  Report  for  last  year  that  in  its  fifteen 
years'  work  of  collecting  and  storing  photographs,  the  Committee 
had  spent  £101  10a.  of  the  £130  granted  to  it  by  the  Association. 
In  making  a  clear  profit  of  £130  the  Committee  may  congratulate 
itself  on  having  ''earned  its  keep,"  and  perhaps  it  is  the  only 
-Committee  of  the  Association  which  has  ever  succeeded  in  literally 
doing  so.  But,  besides  this,  by  scattering  broadcast  over  the  world 
typical  photographs  of  geological  features  and  phenomena  it  has 
rendered  a  service  to  geological,  and  perhaps  to  geographical,  teaching 
which  cannot  be  well  over-estimated.  The  British  Association 
photographs  are  forming  the  nucleus  of  dozens  of  teaching  collections 
in  the  universities,  schools,  and  museums  of  Britain ;  and  numerous 
foreign  subscribers  write  that  they  are  only  unable  to  subscribe  to 
a  second  series  because  they  now  want  the  funds  to  accumulate 
other  examples  from  their  own  countries.  It  is  not  so  difficult  to 
obtain  geological  photographs  as  it  was  fifteen  years  ago,  for  even 
the  ubiquitous  picture  postcard  is  sometimes  frankly  geological. 

About  100  intending  subscribers  to  a  new  series  have  sent  in 
their  names,  and  the  Committee  recommend  that  such  a  new  series 
be  undertaken  on  the  same  terms  as  the  last  With  the  smaller 
number  of  subscribers,  however,  the  margin  is  narrow,  and  while 
profit  to  the  Committee  will  be  small,  or  absent,  the  subscribers  will 
have  to  be  content  with  the  ''contract  number"  of  photographs. 
Possibly  the  number  of  subscribers  will  increase  when  it  is  known 
that  the  new  series  will  be  actually  carried  out. 

Such  a  series  will  naturally  be  complete  in  itself,  but  it  will  also 
be  supplementary  to  the  first  series,  and  in  no  way  a  repetition  of  it. 
The  Committee  would  most  warmly  welcome  any  suggestions  from 
subscribers  and  others  as  to  the  best  points  to  be  considered  in  the 
new  series. 

Examples  of  the  published  series  of  photographs  were  shown  at 
the  Exhibition  arranged  by  the  Geographical  Association  in  London 
and  the  provinces  this  year.  Another  set  was  sent  by  request  to  the 
Exhibition  at  St.  Louis,  and  it  is  proposed  to  present  this  collection 
to  the  Geographical  and  Geological  Department  at  Harvard  University 
when  the  Exhibition  closes.  To  this  set  a  gold  medal  in  Group  16 
has  been  awarded. 
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The  daplioate  oolleotton  of  Blides  has  been  exhibited  and  explained 
within  the  year  by  Mr.  Whi  taker  at  the  following  local  soientifio 
iocietiee: — TheChrtBt's  Hoapital  Natural  History  Society ;  theGreTiUe 
Place  Literary  Society,  Maida  Yale;  the  Stratford  Congregational 
Literary  Society ;  and  the  Ashmolean  Natural  History  Sooietyr 
Oxford. 

ApplicationB  by  Local  Societies  for  the  loan  of  the  daplioate 
collection  should  be  made  to  the  Secretary.  Either  prints  or  slides, 
or  both,  can  be  lent,  with  a  descriptive  account  of  the  slides.  The 
carriage  and  the  making  good  of  any  damage  to  slides  or  prints  are 
expenses  borne  by  the  borrowing  society. 

The  Committee  recommend  that  they  be  reappointed,  without 
a  grant 

FiFTExiiTH  List  of  Gxologioal  Photogbaphs. 

(To  August  12,  1904.) 

This  list  includes  the  geological  photographs  which  have  been 
receiyed  by  the  Secretary  of  the  Committee  since  the  publication  of 
the  last  report  Photographers  are  asked  to  affix  the  registered 
numbers  to  their  negatives  for  convenience  of  future  reference. 
Their  own  numbers  are  added  in  order  to  enable  them  to  do  so. 

Copies  of  photographs  desired  can,  in  most  instances,  be  obtained 
from  the  photographer  direct,  or  from  the  offioers  of  the  local  society 
under  whose  auspices  the  views  were  taken. 

The  Committee  do  not  assume  the  cop^ght  of  any  photographs 
included  in  this  list.  Inquiries  respecting  photographs,  and  appU- 
cations  for  permission  to  reproduce  them  should  be  addressed  to  the 
photographers  direct 

It  is  recommended  that,  wherever  the  negative  is  suitable,  the 
print  be  made  by  the  cold-bath  platinotype  process. 

The  very  best  photographs  lose  half  their  utility,  and  all  their 
value  as  documentary  evidence,  unless  accurately  described  ;  and  the 
Secretary  would  be  grateful  if,  whenever  possible,  such  explanatory 
details  as  can  be  given  were  written  on  the  forms  supplied  by  him 
for  the  purpose,  and  not  on  the  bach  of  the  photograph  or  eUewhere. 
Much  labour  and  error  of  transcription  would  thereby  be  saved. 
It  is  well,  also,  to  use  a  permanent  ink  for  this  purpose.  A  local 
number,  by  which  the  print  and  negative  can  be  recognised,  should 
be  written  on  the  back  of  the  photograph  and  on  the  top  right-hand 
comer  of  the  form. 

Copies  of  photographs  should  be  sent  unmounted  to  Professor 
W.  W.  Watts,  P.R.S.,  The  University,  Birmingham,  and  forms 
may  be  obtained  from  him. 

Our  Plate  XVIII  this  month  is  taken  from  one  of  the  series  of 
Photographs  of  (Geological  Interest  issued  by  the  British  Association 
Committee,  and  represents  an  excellent  view  of  "  London  Bridge/* 
a  natural  arch  at  Torquay,  Devonshire  (No.  2,938  of  the  series). 
Photographed  and  reproduced  by  permission  of  Professor  S.  H. 
Beynolds,  M.A.,  F.G.S.    The  following  description  by  Mr.  W.  A.  K 
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Usaher,  F.O^.,  and  the  block  annexed,  are  taken  by  permistion  ftom 
the  letlerpress  iaeued  with  the  last  set  of  the  first  published  series 
of  *'  British  Geologioal  Photographs  "  :^**  The  natural  aroh  depicted 
in  the  photograph  forms  a  conspicuous  object  on  the  south  coast 
of  the  Torquay  Promontory  between  the  Bath  Saloons  and  Daddy 
Hole.  It  has  been  tunnelled  by  the  sea  through  a  small  headland 
near  the  axis  of  an  inverted  synclinal  curve  in  Middle  Devonian 
Limestones.  The  prolongation  of  this  axis  eastward  is  well 
shown  on  the  ooast  a  quarter  of  a  mile  away.  In  the  middle 
and  lower  part  of  the  limestone  masses  of  Torquay,  a  partial 
deavage  b  often  displayed  by  the  beds,  consequent  on  the  pressure 


Diagram  figure  of  Natural  Arch,  Torquay ;  drawn  to  show  inrerted  Sjncline. 

which  has  produced  the  folding  in  them ;  this  structure,  as  shown 
in  the  photograph,  becomes  in  certain  cases  most  pronounced  at 
and  near  the  axis  of  the  folds,  causing  a  shattering  of  the  rock  at 
the  point  where  the  direction  of  strain  cleavage  approximates  to, 
or  coincides  with,  the  inverted  bedding  planes.  The  dark  marking 
extending  horizontally  on  either  side  of  the  arch  in  the  photograph 
denotes  high- water  mark.  The  railings  give  a  scale.  This  locality, 
from  a  slightly  different  point  of  view,  has  been  figured  in  the 
Memoir  on  the  Geology  of  the  Country  around  Torquay,  p.  49 
(Mem.  QeoL  Surv.,  1903),  in  which  the  Middle  Devonian  Limestones 
of  that  district  are  also  described." 


11. — On  some  impobtamt  oooubbxnoks  of  Gbanulab  Gabbonati 
Rooks,  with  spxoial  befkbbnob  to  thbib  Obigim  and  Stbuotxtbb. 
By  Bbbnhabd  Lindbmann.  Neues  Jahrbuoh  f.  Min.  Geol.  u. 
PaltBont.  XIX  Beilage  Band  (1904),  Heft  2. 

rIS  important  paper  on  crystalline  limestones  and  dolomites 
contains  about  9  pages  of  bibliography,  5  or  6  pages  of  review 
of  older  theories  of  crystalline  carbonate  rocks,  nearly  100  pages 
of  descriptions  of  special  occurrences,  and  10  pages  of  discussion  of 
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the  general  oharaoter  and  origin  of  the  rocks  and  of  their  aoceflsoiy 
minerals.     The  second  and  last  sections  are  briefly  reviewed  here. 
Cotta  held  in  1827  that  crystalline  limestones  might  be  either 

(1)  original  secretions  of  calcium  carbonate  from  the  fiery  fluid  planet 
mass,  like  the  plutonio  crystalline  schists ;  (2)  rocks  independently 
erupted  from  the  earth's  interior ;  (3)  altered  compact  (sedimentary) 
limestones. 

The  second  or  truly  eruptive  limestones  were  characterised  by 
their  numerous  inclusions  of  fragments  of  baked  schist  (or  gneiss) 
[such  as  are  common  in  the  crystalline  limestones  of  Ceylon — 
however  they  got  there]  ;  and  by  their  wonderful  close  and  intimate 
relation  to  the  schists  or  gneisses  they  are  associated  with.  Later 
on,  in  1853,  he  abandoned  the  eruptive  view  and  thought  that  such 
limestones  had  been  more  softened  by  heat  than  the  surrounding 
rocks,  and  had  thus  been  able  to  behave  as  eruptive  rocks,  and 
force  their  way  under  the  influence  of  pressure  into  the  crevices  of 
the  surrounding  rock  and  even  to  form  dykes  and  bosses  in  them, 
and  break  across  their  foliation  planes.  Then  followed  a  gradual 
consolidation  to  a  granular  crystalline  rock,  accompanied  by  the 
development  of  contact-metamorphic  minerals.  [This  describee 
with  wonderful  exactness  the  sort  of  thing  that  seems  to  have 
happened  in  connection  with  the  crystalline  limestones  of  Ceylon, 
whatever  their  actual  origin  may  have  been.] 

Naumann,  too,  believed  that  crystalline  limestones  might  have 
consolidated  from  a  state  akin  to  fusion  (''  aus  dem  feurig  erweichten 
Zustande").  The  '  Neptunists,'  on  the  other  hand,  thought  that 
crystalline  limestones  resulted  from  the  alteration  of  organic 
limestones  by  percolating  waters  which  dissolved  and  redeposited 
the  oalcite,  and  introduced  other  carbonates  and  silicates  as  well ; 
and  they  ignored  the  possibility  of  contact-metamorphism.  These 
views  seem  to  result  from  a  confusion  of  the  truly  crystalline  lime- 
stones of  the  schists  with  the  ordinary  crystallisation  and  obliteration 
of  organic  structure  that  has  often  taken  place  in  sedimentary 
limestones. 

At  the  present  day  a  majority  of  geologists  (Giimbel,  Lepsius, 
Yogt,  etc.)  ascribe  the  characters  of  crystalline  limestones  to 
regional  or  dynamo-metamorphism ;  some  others,  to  the  contaot- 
metamorphic  effects  of  intrusive  igneous  rocks.  In  regional  meta- 
morphism  four  factors  are  involved,  viz.,   (1)  water  as  a  solvent, 

(2)  high  temperature,  (3)  mechanical  pressure,  (4)  long-extended 
time  of  action.  [Certainly  pressure  alone  appears  to  result  in  the 
degradation  of  already  crystalline  limestones,  as  in  Iowa,  and  not 
in  the  development  of  a  crystalline  structure.] 

Yogt  has  attempted  to  separate  regional  from  contact-metamorphic 
crystalline  limestones,  on  the  ground  of  differences  in  mineral 
composition  and  of  certain  peculiarities  of  structure.  He  thinks  that 
an  interlocked  or  granulitic  {verzahnten)  structure  is  characteristio 
of  regional  metamorphic  limestones,  and  that  it  is  wanting  in  almost 
all  that  are  of  contact-metamorphic  origin ;  and  further,  that,  in 
oonsequence  of  this  peculiarity,   hardly  any   marbles  save  those 
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of  regioDal  metamorpbio  oharaoter  are  valuable  for  ornamental 
purposes. 

The  observations  of  tbe  autbor  of  tbe  paper  under  review  show, 
however,  tbat  these  distinotions  cannot  be  maintained.  Nor  does  he 
agree  with  Yogt  in  regarding  certain  minerals  (garnet,  vesuvianite, 
scapolite,  wollastonite,  pyroxene,  ampbibole,  epidote,  obondrodite, 
felspar,  tourmaline,  spinel,  eta)  as  oharaoteristio  of  oontact-meta- 
morpbic  limestones,  and  others  (quartz,  actinolite,  mica,  talc,  chlorite, 
Tutile,  hematite)  as  occurring  in  limestone  of  regional  metamorpbio 
origin.  According  to  our  autbor,  however,  the  accessory  minerals 
do  fall  into  two  groups,  the  first,  including  garnet,  wollastonite, 
vesuvianite,  diopside,  periclase,  and  spinel,  being  characteristic  of 
limestones  altered  by  normal  contact-metamorphism,  and  tbe  second, 
including  quartz  in  rounded  grains,  and  members  of  the  mica, 
ohlorite,  amphibole,  and  epidote  groups,  and  also  corundum,  occurring 
in  limestones  altered  by  ptdzo-contact-metamorpbism  (contact-meta- 
morphism accompanied  by  pressure) ;  here  the  carbon  dioxide  being 
unable  to  escape,  the  formation  of  wollastonite  is  impossible,  and 
denser  minerals  are  formed  in  place  of  lighter  ones,  corundum 
e.g.  replacing  spinel.  On  the  other  hand,  pblogopite,  forsterite, 
epidote,  and  pyrrhotite  occur  with  either  group  of  contact-meta- 
morphosed limestones.  [This  classification  does  not  exactly  apply 
in  Ceylon,  where,  in  spite  of  tbe  absence  of  wollastonite,  spinel  is 
not  replaced  by  corundum.]  All  the  minerals  so  far  mentioned  result 
from  tbe  alteration  of  matter  present  in  the  original  limestone; 
magnetite  and  ilmenite  are  also  primary  minerals. 

Other  minerals — tourmaline,  soapolite,  apatite,  fluor,  topaz,  and 
some  mica — are  probably  of  pneumatolytic  origin,  and  derived  from 
tbe  intrusive  magma ;  and  so  with  pyrites,  hematite,  and  sphene. 
Some  lime-bearing  silicates  —  particularly  garnet,  wollastonite, 
diopside,  actinolite,  etc.,  when  they  occur  in  concretionary  nodules 
and  layers  near  to  the  intrusive  rock — may  also  be  of  external 
origin,  and  not  merely  developed  from  materials  originally  present 
in  the  limestone. 

The  author  considers  that  the  granular  limestones  and  dolomites 
are  without  exception  of  organic  origin,  and  that^at  any  rate  in 
the  vast  majority  of  cases — their  mineral  composition  and  crystalline 
structure  are  tbe  results  of  contact-metamorphism.  Tbe  paper  ends 
with  a  list  of  tbe  accessory  minerals  that  occur  in  crystalline  lime- 
stones and  dolomites.  A.  K.  G. 

III. — Catalogux  op  the  Mbsozoio  Plants  in  the  Department 
OF  Geology,  Bbitish  Museum  (Nat.  Hist.).  The  Jurassio 
Flora,  II :  Liassic  and  Oolitic  Floras  of  England  (excluding  the 
Inferior  Oolite  Plants  of  tbe  Yorkshire  Coast) .  By  A.  0.  Seward. 
pp.  192,  pis.  xiii,  text-figs.  20.     1904. 

THIS  volume  constitutes  the  Second  Part  of  tbe  Catalogue  of 
Mesozoic  Plants  in  tbe  British  Museum.  The  First  Part, 
published  in  1900  by  the  same  author,  dealt  with  the  magnificent 
collection  from  the  Inferior  Oolite  of  Yorkshire.     The  present 
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▼olame  gives  a  fall  aooount  of  the  ofcher  English  plants  from  the 
Trias,  Bbntio,  and  Jurassio.  With  the  exception  of  those  firom 
the  Stonesfield  Slate  of  Oxfordshire  and  the  Lias  of  Dorset,  plant 
remains  are  not  at  all  abundant  in  any  of  these  formations,  and 
suoh  as  oocnr  are  often  fragmentary  or  ill-preserred.  Thus,  while 
a  number  of  the  specimens  dealt  with  in  this  volume  have  proved 
unsatisfactory  as  records  of  the  plant  life  of  the  period,  their 
elucidation,  as  far  as  it  has  proved  possible,  has  added  considerably 
to  what  was  previously  known  on  this  subject,  and  is  theref<»e 
highly  valuable. 

After  a  brief  discussion  of  the  present  state  of  our  knowledge 
of  the  earliest  Mesozoio  floras  in  various  parts  of  the  world,  the 
author  passes  on  to  describe  in  detail  the  few  fragments  of  Triaasio 
and  Bhntic  age  in  the  collection.  The  former  period  is  represented 
by  only  one  plant  remain,  a  seed  known  as  CarfoUike$  sp.  From 
the  Bhaotic,  fragmentary  specimens  are  referred  to  Eqm$Me9^ 
Muensteri  (a  typical  species  of  the  period),  Zgeopodites  lanceolaiu», 
and  a  fern  Clathropteria  platyphylla. 

The  Lias  plants  are  represented  by  several  specimens  of  the 
following  species  among  others  : — Thinnfeldia  rhomhaidalis,  CgeadUes 
reetangularis,  Otozamiiea  obtuaus,  and  Pagiophyllum  peregrinum.  Many 
of  these  are  well-preserved  and  fairly  perfect  specimens.  A  new 
species  of  fossil  wood  is  described  as  Cupre$$inoxylon  Barheri. 

A  special  section  is  devoted  to  a  discussion  on  the  nature  and 
origin  of  Jet.  It  is  shown  that  in  all  probability  Whitby  jet  has 
been  produced  in  large  measure  by  the  alteration  of  wood  of  the 
Araucarian  type. 

The  collection  from  the  Stonesfield  Slate  (Oreat  Oolite)  is  the 
largest  described  in  this  volume.  It  includes  examples  of  Qinkgty 
digiiata  and  Baiera  FhiUip$i  ;  several  Cycadean  fronds  such  as 
WilUdmsania  peeien,  Zamite$  megaphyllus,  as  well  as  two  new  species, 
SphenozanUies  BeUi  and  PodozamiteB  9tone$fielden$i$.  Coniferous 
remains,  especially  Thuitea  expan$u8,  are  also  fairly  abundanL 

Perhaps  the  most  interesting  specimen  l>otanically  is  a  leaf,, 
described  as  PhyUiUs  sp.,  which  in  several  respects  closely  resembles 
that  of  a  recent  Dicotyledon.  The  author  remarks  that  *'  had  the 
specimen  been  found  in  rocks  known  to  contain  the  remains  of 
Angiosperms,  there  would  be  no  hesitation  in  identifying  it  as 
a  leaf  of  a  Dicotyledon  ;  but  seeing  that  we  know  of  no  undoubted 
Angiospermous  fossil  in  Jurassic  strata,  it  is  of  the  utmost  importance 
to  demand  satisfactory  evidence  before  identifying  a  plant,  or  frag- 
ment of  a  plant,  as  an  Angiosperm." 

The  remains  from  the  Oxfordian,  Corallian,  and  Eimeridgian 
are  few  in  number,  and  consist  for  the  most  part  of  Coniferous 
twigs  or  cones. 

The  memoir  concludes  with  tables  of  the  geographic  distribution 
of  the  species  described,  and  a  short  discussion  on  the  botanical 
features  of  these  floras.     A  full  bibliography  is  appended. 
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QlOLOOIOAL  SOOIKTT  OF  LOMDON. 

The  opening  meeting  of  the  sesBion  1904-5  took  plaoe  oa 
November  9th.— J.  E.  Marr,  So.D.,  F.B.S.,  President,  in 
the  Chair. 

Mr.  £.  T.  Newton,  in  exhibiting,  by  permission  of  the  Director 
of  H.lf.  Qeologioal  Survey,  a  speoimen  of  Fayolia  near  to  Fayolia 
grandiif  found  by  Dr.  L.  Moysey,  of  Nottingham,  in  the  Coal- 
measures  of  Ilkeston  (Derbyshire),  pointed  out  that  Fayolia  waa 
first  described  by  Professors  Renault  &  Zeiller  in  1884,  in  their 
monograph  on  the  "  Houiller  de  Commentry."  In  1894  Mr.  Seward 
desoribed  the  first  British  speoimen,  from  Northumberland,  in  the 
Leeds  Naturalist,  but  thought  that  it  was  not  a  plant  There  waa 
■ome  resemblanoe  to  certain  spiral  egg-cases  of  Elasmobranohs ;  but 
Dr.  Oiinther  was  unwilling  to  accept  the  Northumberland  fossil  aa 
^0  egg-case  of  a  fish.  Mr.  Eidston  had  not  yet  seen  the  speoimea 
now  exhibited;  but,  from  a  sketch,  he  recognised  its  relation  ta 
Fayolia.  At  present,  there  was  still  uncertainty  as  to  the  exact 
nature  of  this  fossil. 

The  following  communications  were  read : — 

1.  ''Notes  on  Upper  Jurassic  Ammonites,  with  special  reference 
to  Specimens  in  the  University  Museum,  Oxford:  11.^"  By  Miss 
Maud  Healey.  (Communicated  by  Professor  W.  J.  Sollas,  Sc.D., 
LL.D.,  F.B.S.)  This  was  the  first  occasion  in  the  history  of  the 
Geological  Society  when  a  lady,  the  author  of  a  paper,  was  not  only 
present,  but  read  her  own  paper  and  replied  to  the  discussion 
thereon. 

This  paper  gives  a  redescription  of  the  types  of  Cardioeerae 
vertebralCf  Sow.,  C.  scarbrugenae,  Y.  &  B.,  C.  eordatum,  Sow.,  and 
0,  exeavatum,  Sow.,  and  their  varieties.  Four  varieties  of  the  first, 
nine  of  the  second,  three  of  the  third  and  fourth,  are  defined,  and 
a  description  is  given  of  a  new  species  of  Cardioeerae  belonging  to 
the  same  group.  Notes  on  species  allied  to  the  group  and  on  others 
which  have  been  wrongly  confused  with  it  are  added.  These  speciea 
are  so  closely  connected  by  innumerable  transitional  forms  that  their 
limits  cannot  be  definitely  fixed.  The  term  '  species '  is  therefore 
used  as  equivalent  to  Professor  J.  W.  Gregory's  circulus :  "  It  includes 
a  number  of  '  forms,'  which  vary  along  lines  radiating  outward  from 
a  central  type.  Some  of  the  members  farthest  removed  from  the 
centre  may  be  within  the  range  of  another  ctrctiZtis,  for  the  different 
eirculi  may  overlap  or  be  connected  by  an  indefinite  series  of 
individuals."  Each  eiretUue  is  made  up  of  subcirculi  or  varieties, 
and  several  cireuli  make  up  a  group  which  need  not  necessarily 
correspond  with  a  genus.  C.  eordatum  is  retained  as  the  name  of 
the  whole  group,  although  the  type  is  a  most  unsatisfactory  little 
specimen  from  the  Corallian  of  Shotover. 

1  For  Part  I  see  Gbol.  Mao.,  1904,  p.  39. 
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2.  "Sarsen-Stones  in  a  Clay-Pit'*  By  the  Rev.  B.  C.  Spioer, 
M.A.,  P.G.S, 

Near  to  Bradenham,  midway  between  High  Wycombe  and  Prince's 
Risborough,  certain  clay-pits  yield  a  clay  for  brick-making,  in  which 
are  embedded  large  angular  sarsen-stones,  white  saccharoidal  sand- 
Btones  with  a  siliceous  cement.  This  clay  is  quite  flintlese :  it  rests 
upon,  and  is  'contained'  by,  Glay-with-Flints  based  upon  Chalk, 
«nd  is  covered  with  roughly-mingled  material  containing  horizontal 
bands  with  worn  flint-pebbles  and  drifted  sarsens  of  smaller  size. 
Each  patch  of  the  clay  fits  roughly  into  a  funnel-shaped  depressioD 
lined  with  Clay-with-Flints.  The  depressions  are  probably  swallow- 
holes,  formed  by  underground  solution  of  the  Chalk,  which  was 
covered  by  wet  clay  and  that  by  sands  of  the  Bagshot  Series.  As 
the  clay  oozed  out  into  the  hollows  the  sarsens  of  these  sands  broke 
away,  and  became  involved  in  the  clay,  much  as  blocks  of  the 
Malmstone  at  Atherfield  become  involved  in  the  mud -glaciers  which 
descend  from  the  underlying  Gault  in  the  sea-clifFs.  The  overlying 
formation  is  due  to  much  later,  and  probably  Pleistocene,  action 
after  the  flints  of  the  Upper  Chalk  had  been  exposed  by  denudation. 

3.  ''On  the  occurrence  of  Elephas  meridionalis  at  Dewlish 
(Dorset).  Second  communication  :  Human  agency  suggested."  By 
the  Rev.  Osmond  Fisher,  M.A.,  F.G.S. 

This  paper  is  in  continuation  of  one  published  by  the  author  in 
1888.  The  site  in  which  the  elephant- remains  were  found  is 
a  narrow  trench,  examined  to  a  depth  of  12  feet  in  places,  with 
nearly  vertical  sides,  a  smooth,  chalk  bottom,  and  an  abrupt  end. 
It  was  not  a  fault  or  a  stream-course,  and  it  was  partly  filled  with 
fine  dust-like  sand  which  may  have  been  wind-borne.  The  trench 
cuts  diagonally  across  the  scarp ;  and,  even  if  it  could  be  accounted 
for  by  natural  agencies,  it  is  difficult  to  explain  how  it  happened 
that  so  many  elephants  fell  into  it.  The  author  points  out  that  in 
Africa  elephants  are  caught  by  the  natives  in  pitfalls  of  similar 
character  constructed  on  the  tracts  leading  to  watercourses.  This 
trench  is  in  a  corresponding  position  with  regard  to  a  stream,  and 
it  is  suggested  as  possible  that  the  trench  may  have  been  of  human 
origin.  There  is,  however,  no  conclusive  evidence  elsewhere  that 
man  was  contemporary  with  Elephas  meridionalis,  which  is  character- 
istic of  the  Pliocene  Age. 

Manchester  Literary  and  Philosophioal  Sooikty. 

Folds  in  Rook  Strata. — Professor  W.  Boyd  Dawkins,  F.R.S., 
dealt  with  a  subject  of  much  interest  to  waterworks  engineers  in 
a  pnper  entitled  ''  Notes  on  the  effect  of  Relaxation  of  Pressure  in 
causing  Folds  at  the  Bottom  of  Valleys"  read  by  him  before  the 
Manchester  Literary  and  Philosophical  Society,  of  which  he  is 
President.  It  directed  attention  to  a  new  cause  of  folding  of  the 
rock  other  than  that  which  has  been  long  recognized  by  geologists 
as  ultimately  due  to  the  folding  of  the  outer  layers  of  the  earth  as 
they  follow  the  contracting  nucleus.     The  deep  cuts  made  throagh 
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▼alleys  to  make  watertight  barriers  in  the  ooostruotion  of  reservoirs 
revealed  the  fact  that  the  bottom  of  the  valleys,  wherever  it  wa» 
formed  of  shales  and  thin  sandstones,  was  more  or  less  folded  and 
contorted.  These  folds  and  contortions  caused  the  shales  to  let  the 
water  through  with  more  or  less  freedom,  and  he  had  been  called 
in  repeatedly  to  advise  as  to  how  far  it  was  necessary  to  carry  the 
puddle  trenches  down  below  the  valley  bottom.  He  found,  as 
a  matter  of  experience,  that  these  folds  were  superficial,  and  if  the 
sinking  was  made  to  a  sufiGoient  depth  below  the  bottom  of  the 
valley  they  disappeared  altogether.  It  was  therefore  obvious  that 
they  were  not  due  to  deep-seated  movements  of  compression  resulting 
from  the  contraction  of  the  earth.  They  are  due  to  the  relaxation 
of  pressure  caused  by  the  removal  of  the  rock  by  denudation  from 
the  area  of  the  valley,  and  are  analogous  in  every  particular  to 
the  *  creep '  in  coal  workings,  caused  by  the  excavation  of  coal, 
by  which  the  surrounding  strata  crush  down  into  the  area  of 
relaxed  pressure  and  ultimately  fill  it  up.  This  may  be  studied 
in  any  coal-pit  where  there  is  a  superincumbent  pressure,  say,  of 
more  than  1,000  feet. 

Two  illustrations  of  folding  and  faulting  by  relaxation  of  pressure 
are  presented  by  the  puddle  trench  of  the  Langsett  reservoir  belonging 
to  the  Sheffield  Corporation,  and  by  the  two  reservoirs  now  under 
construction  on  the  head  waters  of  the  Derwent  by  the  Derwent 
Water  Board.  In  the  first  of  these  the  foldings  in  question  at 
the  bottom  of  the  valley  in  the  shale  under  the  first  grit  are  strongly 
marked  at  the  surface.  These  folds  gradually  disappear,  and  are 
based  upon  a  hard  black  unmoved  shale  o£feriug  a  good  foundation 
about  60  feet  below  the  bottom  of  the  valley.  This  is  in  the  valley 
of  the  Little  Don.  The  thickness  of  rock  removed  from  the  bottom 
of  the  valley  amounted  to  no  less  than  something  like  8,000  feet 
of  Coal-measures  and  Millstone  Grit.  In  the  case  of  the  Derwent, 
in  which  the  folding  is  much  more  marked  and  is  accompanied  by 
faulting,  the  thickness  of  rock  removed  amounted  to  at  least  9,700^ 
feet  (7,200  feet  of  Coal-measures,  2,000  feet  of  Millstone  Grit,  and 
at  least  500  feet  of  Toredale).  In  this  the  movement  had  not 
extended  beyond  a  depth  of  90  feet.  In  the  case  of  the  Derwent 
reservoir  lower  down  the  river  there  are  two  systems  of  folding  and 
faulting  which  do  not  penetrate  beyond  60  feet  from  the  surface* 
At  that  point  a  good  foundation  is  found  for  the  puddle  trench 
of  the  embankment.  These  points  are  of  considerable  importance 
in  considering  the  sites  for  reservoirs. — From  Water,  November  16th, 
1904,  No.  71,  p.  491. 

COie,ie,ESD?03Sr3D.E33SrCE3. 

THE  NEW  QUESTION  OF  RIPPLE-MARK. 

Sib, — In    the  August    number    of   the  Gkoloqioal    Magazinb 

I  proposed  to  offer  at  some  future  time  an  explanatory  paper  on 

the  formation  of  ripple-mark ;  writing  then  under  the  impression 

that  experts  were  quite  agreed  upon  a  subject  not  generally  known* 
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After  my  Angast  paper  was  in  type,  Mrs.  S.  Ayrton  expounded 
the  subject  of  ripple-mark  at  the  8oir6e  of  the  Boyal  Society,  and 
subsequently  delivered  a  lecture  at  Cambridge  under  the  auspices 
and  special  sanction  of  Section  O. 

In  the  course  of  the  latter  lecture  Mrs.  Ayrton  ignored  all  proTioos 
inquirers,  except  Professor  Darwin,  whom  she  considered  not  to 
liave  fully  appreciated  the  significance  of  his  own  experiments. 
This  places  me  in  a  difficulty,  as  I  am  in  doubt  whether  Mrs.  Ayrton 
has  considered  the  work  of  modem  writers,  or  only  the  views 
expressed  in  the  older  text-books.  Then  there  is  another  difficult, 
and  that  is,  that  the  subject  was  considered  by  Professor  Osborne- 
Reynolds'  Committee  on  Tides  and  Waves,  which  was  a  Section  Q 
•committee;  while  the  subject  comes  within  the  purview  of  the 
reappointed  Committee  on  Terrestrial  Waves,  etc.  As  a  matter  of 
fact,  Mrs.  Ayrton's  views,  as  endorsed  by  the  Royal  Society  and 
Section  G,  are  in  conflict  with  the  views  accepted  by  two  committees 
of  the  British  Association  and  of  all  modem  workers.  Indeed, 
Mrs.  Ayrton  uses  the  words  **  Contrary  to  accepted  opinion." 

I  am  aware  that  Bacon  declares  that  unanimity  is  a  very  dangrerons 
thin^,  and  that,  theoretically,  it  might  be  safer  for  me  to  differ  from 
Professors  Darwin  and  Osborne-Reynolds,  and  Dr.  Yaughan  Cornish, 
who  are  the  modern  authorities  who  have  dealt  more  particularly 
with  the  sand-ripples  of  tidal  and  other  continuous  currents ;  but, 
except  in  some  microscopic  points  of  details,  there  seems  to  me  to 
be  no  room  for  doubt 

During  the  past  months  of  September  and  October  I  had  the 
little  Moorland  stream,  the  river  Bovey,  under  close  observation, 
^md  for  eight  weeks  one  particular  sand-flat  was  more  or  less 
rippled. 

Mrs.  Ayrton  maintains  that  a  steady  current  cannot  produce 
sand-ripples,  and  suggests  that  certain  sand-waves  on  the  (Goodwin 
Sands  are  caused  by  stationary  sea- waves.  So  far  as  my  observation 
goes,  there  are  no  stationary  waves  in  the  open  sea;  and  it  is 
an  uncontrovertible  fact  that  a  steady  current,  as  understood  by 
geologists,  viz.,  a  current  flowing  to  all  outward  appearances 
oontinuously  in  the  same  direction,  can,  under  certain  conditions 
of  speed,  depth,  and  composition  of  bottom,  form  sand-ripples,  as 
pointed  out  by  Dr.  Sorby,  F.R.S.,  in  1869. 

The  point  that  geologists  want  decided  is  whether  the  sand-ripples 
proved  by  Monsier  Siau  in  the  Indian  Ocean,  in  a  depth  of  over 
100  fathoms,  were  produced  by  continuous  currents  or  by  wave-action. 
A  good  deal  turns  upon  the  answer.  To  me  the  balance  of  evidence 
seems  to  be  in  favour  of  wave-action,  because,  as  a  rule,  deep 
currents  do  not  disturb  the  bottom,  but  slide  over  the  strata  of  water 
which  are  in  contact  with  the  bottom  ;  but  I  come  to  that  conclusion 
in  face  of  the  fact  that  under  certain  circumstances  continuous 
currents  have  been  proved  to  ripple  a  sandy  bottom. 

I  should  like  to  see  a  committee  appointed,  to  consist  of  all 
the  leading  workers  who  have  written  upon  the  subject  of  oorrent 
ripple-mark,  and  especially  of  those  who  have  delivered  popular 
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leohiref.  I  think,  for  instanoe,  that  if  Professors  Darwin, 
Osbome-Beynolds,  and  Fleming,  with  Dr.  Yaughan  Cornish  and 
Mrs.  S.  Ajrton,  were  to  oonfer  and  compare  experienoes  a  nnanimoas 
report  might  easily  be  arrived  at  Until  something  of  the  sort  is 
done  the  exposition  of  the  subject,  as  endorsed  and  supported  by 
the  Koyal  Society  and  the  British  Association  in  their  corporate 
capacities,  will  either  be  accepted  by  the  public  or  cause  a  great 
deal  of  perplexity.  The  question  does  not  touch  my  own  special 
work,  as  all  seem  agreed  as  to  the  ripple-making  powers  of  reciprocal 
wave-currents.  A.   R  Hunt. 

November  7ih,  1904. 


ELEPHAS  KERIDI0NALI8  AT  DEWLISH. 

Sib, — I  regret  that  I  was  unable  to  be  present  at  the  meeting 
of  the  Geological  Society  on  the  9th  inst.,  when  my  paper  on 
the  Dewlish  elephant  trench  was  read,  suggesting  human  agency. 
I  crave  your  permission  to  reply  to  one  or  two  criticisms  as  reported 
in  the  Abstracts  of  the  Proceedings.  It  is  there  said  that  some 
*  eoliths  '  found  there  were  exhibited  by  me.  If  what  I  did  exhibit 
is  referred  to,  they  were  merely  shown  as  geological  specimens  from 
the  drift  of  the  gravel  with  which  the  trench  had  eventually  become 
filled — not  as  *  eoliths.'  I  have  seen  some  *  eoliths  '  which  were 
collected  at  Dewlish,  but  in  my  opinion  (whatever  that  may  be 
worth)  they  do  not  strengthen  my  hypothesis  that  the  trench  is 
artificial. 

Mr.  Hudleston  remarked  that  he  understood  that  the  remains 
of  only  one  elephant  had  been  found.  There  are  in  existence 
nine  well-preserved  molars  in  museums,  four  at  Dorchester,  two 
at  Salisbury,  two  at  Cambridge,  and  one  at  Manchester.  I  exhibited 
at  Cambridge  all  these  except  the  Salisbury  specimens.  Mr.  Pleydell 
in  his  paper  in  the  "Dorset  Field  Club,"  1889,  mentions  seven 
molars,  so  that  two  of  the  above  enumerated  must  have  been 
omitted  in  his  list.  In  this  paper  he  gives  a  list  of  remains. 
He  says  that  isolated  plates  of  other  molars  were  scattered  in 
various  parts  of  the  deposit,  and  that  in  some  places  fragments 
of  ivory  were  so  numerous  as  to  predominate  over  other  materials. 
This  I  think  disposes  of  Mr.  Hudleston's  objection  that  the  remains 
of  only  one  elephant  had  been  found. 

It  is  obvious  that  the  trench  was  not  wide  enough  to  contain 
the  carcase  of  an  elephant.  But  if  such  a  beast  once  got  his  fore 
legs  into  a  narrow  trench  twelve  feet  deep,  he  must  have  been 
in  the  "  helpless  condition  **  that  Sir  Samuel  Baker  refers  to,  in 
which  he  might  have  been  dispatched  at  leisure.  It  is  not  likely 
that  primitive  men  would  have  expended  more  labour  upon  their 
pitfall  than  was  absolutely  necessary.  O.   Fishib. 

Hablton,  Cambridob, 

November  IS^A,  1904. 
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THE  DISCOVERY  OF  MARSUPITE8  IN  THE  CHALK  OP  THE 
CROYDON  AREA. 

Sib, —  With  reference  to  Dr.  Hinde's  paper  on  "The  Zone  of 
Mar$HpiteB  in  the  Chalk  near  Croydon,"  we  should  like  to  point  oat 
that  though  in  general  his  oheerTations  corroborate  ours,  we  found 
at  least  four  specimens  of  MarsupiUs  with  nearly  complete  tests,  one 
with  brachial  joints  in  position,  and  a  block  containing  most  of  the 
test  plates  and  associated  brachial  plates,  which  is  now  in  the 
possession  of  Dr.  Bather.  We  also  found  several  specimens  of 
JSchinoconuM  eonieus  near  the  Pank's  Hill  Bead  end,  and  in  another 
part  Janira  quinqueeostata.  We  agree  with  him  that  "  the  dip  of  the 
Chalk  from  the  summit  towards  the  north  is  probably  about  the 
same  as  that  of  the  general  slope  of  the  surface,"  and  see  no  occasion 
for  Mr.  Dibley's  theory  of  a  fold  in  the  chalk.  He  says  that  the 
upper  part  of  the  Cor-angmnum  beds  are  exposed  at  Beddington. 
We  have  questioned  him  as  to  this,  and  he  admits  he  should  have 
written  Carshalton,  and  says  he  meant  the  section  we  showed  him 
a  few  months  ago  which  we  then  thought  was  no  higher  than  the 
CoT'Ongmnum  zone.  Recently  we  have  found  there,  among  othw 
fossils,  tests  and  brachial  plates  of  Uintaertnus, 

With  all  due  respect  to  Dr.  Hinde,  we  cannot  help  expressing  our 
surprise  that  he  did  not  consider  it  necessary  to  refer  to  us  as  the 
original  discoverers  of  the  Marsupites  zone  in  Surrey.  Mr.  Dibley 
certainly  mentions  us  in  a  somewhat  casual  way,  but  as  Dr.  Hinde's 
paper  is  page-headed  ''  Discovery  of  MarBupitet,  eta,"  few  readers 
will  be  aware  that  we  made  the  discovery,  spent  days  and  houn 
among  the  thrown  out  blocks,  inspected  the  trenches  and  immeU, 
and  had  prepared  a  paper  for  the  Proceedings  of  the  Greologists^ 
Association.  It  was  unfortunate  that  our  paper  was  not  first  in  the 
field,  as  we  were,  but  as  we  are  mentioned  in  the  number  of  your 
journal  which  contains  Dr.  Hinde's  article,  we  have  the  satisfaction 
of  knowing  that  the  credit,  if  any,  will  be  equally  divided  betweea 
the  discoverers  and  the  eminent  geologist  who  has  given  his  valuable 
time  to  the  production  of  such  an  interesting  and  scientific  paper. 

W.  Wbight. 

13,  Dkvbreux  Road,  B.  C.   POLKINOHOKNK. 

Wandsworth  Common,  S.W. 
November  16M,  1904. 


:M:iscEiiij-A.isrEOTJS. 


The  PaliBontology  of  the  Lower  Coal-measures  of  Lancashire 
is  very  fully  dealt  with  by  Mr.  H.  Bolton  in  the  Transactions  of 
the  Manchester  Geological  and  Mining  Society  (vol.  xxviii,  part  14). 

Erbatum. — In  Mr.  Coomfiraswdmy's  paper  on  the  Balangoda 
Group,  in  the  August  number,  p.  422,  the  figure  was  one-half 
natural  size,  and  not  5^  times  as  there  stated. 
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